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Relationships between Foxtail (Setaria spp.) Primary Dormancy at Seed 
Abscission and Subsequent Seedling Emergence 
Bradley Glenn Atchison 
INTRODUCTION 
Foxtails are an important invasive, colonizing weed species-group. The weedy foxtails 
(Setaria spp.) are an invasive species-group colonizing vast areas, especially agricultural 
fields in the north temperate region of the world (Holm et al., 1979, 1997; Rominger, 1962). 
The weedy foxtails include S. viridis (L.) Beauv. (green foxtail), S. glauca (Weigel) Hubb. 
(yellow foxtail), S. faberii Herrm. (giant foxtail), S. verticillata (L.) Beauv. (bristly foxtail), 
and S. geniculata (Lamarck) Beauv. (knotroot foxtail) (Rominger, 1962). The reason why 
Setaria spp. are so successful in disturbed habitats derives from their genetic and phenotypic 
diversity (Dekker, 1997). The foxtails infests vast areas due to its ability to form long-lived 
soil seedbanks, the source of all future annual weed infestations (Dekker, 1999). These 
seedbanks are reservoirs of highly heterogeneous seed (Dekker 1997: Dekker et al., 1996), 
poised to inflict heavy agricultural crop losses. A key trait possessed by weedy foxtails in 
the soil is their ability to precisely time seed germination over temporal scales ranging from 
hours to decades (F orcella et al., 1992, 1997). 
Foxtails' seed enable successful colonization. Foxtails can colonize a new area with just 
one seed. They are capable of focusing on highly competitive local adaptation, while 
maintaining the option to diversify through new variations to invade new opportunity spaces. 
The foxtails are a primarily self-pollinated species (Mulligan and Findlay, 1970; Pohl, 1951 ). 
Intra-specific outcrossing does occur, but is rare. The rate ofoutcrossing.has been shown to 
be 0-7.6% (Li, 1934, 1935). Inter-specific hybridization has been known to occur, but the 
progeny of both natural and artificial crosses have been either sterile or completely unfit for a 
natural habitat (Douglas et al., 1985). In cases of outcrossing, anemophilous pollination, or 
wind pollination, is the mode of pollen transfer (Pohl, 1951 ). It's the combination of self-
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pollination with occasional outcrossing that allows extensive colonization and competitive 
ability as well as the variation needed to conquer new habitats. Asexual reproduction is 
uncommon in the fox.tails. Knotroot foxtail is known to spread using rhizomes (Rominger, 
1962). Agamospermy, or seed production without fertilization, has been observed in green 
foxtail (Mulligan and Findlay, 1970). Agamospermy is suspected in yellow and bristly foxtail 
(Steel et al., 1983). 
Foxtails are successful because of their genotypic and phenotypic diversity. Previous 
studies have documented the global genotypic population structure of the weedy foxtails 
(Wang et al., 1995a, 1995b) and some of the agriculturally important phenotypic traits 
responsible for its extensive biogeographic distribution (Dekker, 2000; Dekker et al., 1996; 
Dekker and Hargrove, 2002; Haar, 1998; Wang and Dekker, 1995). 
Foxtail seed biology and behavior are crucial to its adaptation and success. Weedy 
adaptation in this species-group depends on the ability to control the time of seed 
germination and seedling emergence that result in maximum subsequent reproductive efforts. 
Seedling emergence is a singular event in the life history of the fox.tails: it is an irreversible, 
committed step that takes the seed from the relative safety of the soil into more hazardous 
and competitive environment. 
The production of seeds with different germination requirements is a function of plant 
architecture and the environmental conditions during the reproductive phase of the plant's 
life history. Individual foxtail panicles on a single parent plant produce a diverse array of 
seeds, each with potentially different after-ripening (AR; e.g., time at 4° C, moist, dark) 
requirements for germination (heteroblasty; Dekker et al., 1996; Haar, 1998). Earlier 
fertilized seeds (both intra- and inter-panicle) are relatively more dormant than seeds 
fertilized later. This finding is in contrast to earlier published work by Schrieber (1965a) 
who observed that foxtail plants produced seeds with relatively less dormancy when grown 
in longer photoperiods (e.g. 16-20 h) compared to shorter photoperiods (e.g. 8-12 h), and in 
relatively warmer temperatures ( e.g. 30° C) compared to those produced at cooler 
temperatures (e.g. 15° C). 
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Other environmental conditions experienced by a developing foxtail panicle can 
influence the dormancy induced in its seeds. Some information about the influence of 
temperature, light quantity, and injury to the plant is available, but little is known of the 
influences of nutrition, light quality and moisture. Foxtail plants produced seed with 
relatively more dormancy the later the main culm was cut, regardless of plant age or 
emergence time (Schreiber, 1965b ). Fawcett and Slife (1978) observed that foxtail plants 
treated with 2, 4-D produced seed with less dormancy compared to an untreated control. The 
influences of environment on dormancy in other species are available ( e.g. Baskin and 
Baskin, Ch. 8, 1998; Simpson, 1990). 
Understanding foxtail seeds in the soil seedbank is needed to predict their behavior. 
Significant heterogeneity in dormancy states among seeds shed by a single plant allow these 
species to emerge at appropriate times within a cropping season and in different years 
(Dekker et al., 1996; Forcella et al., 1997). Soil seedbanks consisting of a diverse collection 
of foxtail species and genotypes, each contributing a heterogeneous collection of dormancy 
phenotypes, reveals a hedge-betting strategy for adaptation to changing conditions within 
agroecosystems ( e.g. Cohen, 1966; Philippi and Seger, 1989). 
The foxtail seedbanks formed by individuals with diverse dormancy states result in 
several observed behaviors. Seedling emergence occurs over the entire season, with the 
majority in the spring and early summer (Forcella et al., 1992, .1997). Seed become after-
ripened in the cool, moist conditions of the spring, but only a minority fraction germinate and 
emerge every year. Foxtail seeds can become ready for germination (germination 
"candidates") in AR conditions (coo4 moist), but fail to germinate without a change to 
somewhat different environmental conditions specifically favorable to germination (warm, 
moist). The higher soil temperatures of summer are thought to reverse the earlier AR effects 
and cause secondary (2°) dormancy to be induced, but this has not yet been demonstrated. 
Taken together these environmental conditions result in an annual cycling between dormant 
and highly germinable states within the heterogeneous seeds remaining in the soil seedbank 
(Baskin and Baskin, Ch. 4, 1998). 
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The wide geographic range of adaptation, dormancy heterogeneity and genotypic 
diversity raise the question of what mechanisms in foxtail seeds are responsible for 
dormancy, germination, and seedling emergence. Recent reviews of foxtail seed behavior 
argued for the possible unifying role that soil water and oxygen may play in describing both 
biogeographic distribution and responses by individual seeds in a soil microsite (Dekker, 
2000; Dekker et al., 2001). 
The morphology of foxtail seeds also provides important clues about what 
environmental factors limit germination and maintain dormancy. The foxtail seed symplast 
(embryo, endosperm, aleurone layer) is enveloped by several layers controlling its behavior, 
notably the caryopsis coat (Dekker et al., 1996; Rost, 1971, 1973, 1975; Rost and Lersten, 
1973). It is filmy, oily to the touch, water- and gas-tight, and continuous except at the 
placental pore opening on the basal end of the seed. The mature foxtail seed is capable of 
freely imbibing water and dissolved gases, but entry is restricted and regulated by the 
placental pore tissues, notably membrane control by the transfer aleurone cell layer (T ACL; 
Rost and Lersten, 1970). Gases entering the moist seed symplast must be dissolved in the 
imbibed water passing through the narrow placental pore and T ACL. The importance of 
gases entering dry seed is unknown. The morphology of foxtail seeds strongly suggests that 
seed germination is restricted by water availability in the soil, and by the amount of oxygen 
dissolved in water reaching the inside of the seed symplast to fuel metabolism. Oxygen 
solubility in the water entering the symplast is an inverse function of the diurnally, seasonally 
and annually changing soil temperature. The control by this oxygen-limited, gas-tight 
morphology is supported by observations of increased germination when seed envelopes 
(hull, caryopsis coat) are punctured (Dekker, et al., 1996; Stanway, 1971), as well as by the 
stimulatory effects of oxygen and carbon monoxide (Dekker and Hargrove, 2002). 
From these observations an hypothesis has been proposed to explain foxtail 
biogeographic distribution, as well as individual seed behavior: foxtail seed behavior is 
regulated by the amount of oxygen dissolved in water taken into the seed over time. When 
adequate amounts of water and oxygen reach the embryo, sufficient energetic equivalents are 
generated to support germination metabolism (Bewley and Black, 1994). When inadequate 
amounts of oxygen reach the embryo, dormancy is maintained or 2° dormancy is induced 
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(Corbineau and Come, 1995). The fertile, moist, aerobic, variable temperature soils that 
possess these qualities are extensive ( e.g Eurasia, North America) and coincide with foxtail 
distribution. To date, no studies have been conducted that correlate seed dormancy at 
abscission, environmental data defining the hypothesized oxygen-water signal, and 
subsequent seedling emergence behavior (Dekker et al., 2001). 
Predicting foxtail seed behavior is pertinent to weed management. Sustainable weed 
management systems could be improved when more specific, detailed, real-time information 
is available to the producer, especially current information about the weedy pest. Predicting 
foxtail seedling emergence may be possible by understanding the heterogeneity of dormancy 
states among seed in the soil and subsequent seedling emergence behavior (Buhler and 
Hartzler 2001; Buhler et al 1998, 2001; Fausey and Renner, 1997; Forcella et al 1992, 1997; 
Sandell, 2000). Tools are being developed which attempt to predict seedling emergence 
(Cardina and Sparrow, 1996; Comis, 1997; Forcella, 1998; Forcella et al, 1995, 1996, 2000; 
Mortensen, 1997; Renner et al., 1999; Swinton, 1990). These all support the need for further 
research in the area. 
Relationships between foxtail primary dormancy states and subsequent seedling 
emergence are the foundation for prediction and management. Any future weed 
management tool that will predict foxtail seed behavior has to rely on knowledge of the 
primary dormancy state when entering, and seedling emergence when leaving, the soil 
seedbank. Herein it is proposed to study the heterogeneity of foxtail seed primary dormancy 
from locally adapted foxtail populations, their subsequent seedling emergence after bu_rial in 
a common nursery, and to attempt to define the first qualitative connections between this 
dormancy and emergence. It is hoped this information will provide a foundation for more 
quantitative correlations of dormancy, environmental signals, and emergence, but these are 
beyond the scope of this thesis. 
Therefore the following hypothesis is proposed: 
Hypothesis: the state of foxtail primary dormancy at seed abscission is related to 
subsequent seedling emergence from the soil seedbank 
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The following experimental goals for this thesis are proposed to provide a foundation 
upon which this hypothesis might be tested: 
Experimental goal: to experimentally determine the primary dormancy at abscission of 
several locally adapted foxtail species and populations. 
Experimental goal: to discover the subsequent seedling emergence behavior of those 
foxtail populations from the soil. 
Primary dormancy at abscission of locally adapted foxtail seed was experimentally 
determined by the after-ripening time ( cool, moist, dark) required to stimulate seed 
germination under favorable conditions (warm, moist, light). The specific dormancy 
variables to be evaluated include foxtail species, population, time of abscission from the 
parent plant, seed burial depth and the effect of shade during seed development. The 
seedbank in which seedling emergence was observed was a common nursery in which seeds 
were buried. Foxtail seedling emergence will be experimentally determined by the numbers 
and time seedlings emerge from the soil seedbank. Time of emergence includes both 
calendar time (years, and component time periods of a year) and life history time 
( developmental time since seed burial in the soil). 
METHODS & MATERIALS 
Experimental Seed 
Seed genotypes and population locations. To accomplish our goals concerning dormancy 
and emergence, seed from several foxtail populations was collected at 9 different locations at 
Ames, and near Crawfordsville, IA in 1997, 1998 and 1999 (Table 1, 2). The emphasis in 
these collections was on giant foxtail, but green and yellow foxtail populations were also 
gathered for comparative purposes in 1998 and 1999. Giant foxtail seed was gathered from 
up to seven Ames locations (1997, 2 sites; 1998, 7 sites; 1999, 4 sites). To make 
Table1. Foxtail experimental seedbank burial nursery location soil properties by location, soil series, texture, 
particle fraction (sand/silt/clay%), organic matter and pH. 
Farm 
Johnson Farm 
Crawfordsville Farm 
Coordinates 
Latitude 
41 °58'92"N 
Longitude 
093°38'43"W 
Latitude 
41°12'33"N 
Longitude 
091 °29'20"W 
Soil Series 
Clarion 
Loam 
Otley 
Silty Clay 
Loam 
Particle composition -
Texture Sand 
Fine Clay 32.5% 
Loam 
Fine Clay 22.5% 
Loam 
Silt Clay 
40.0% 27.5% 
45.0% 32.5% 
Organic 
Matter 
3.9% 
3.8% 
pH 
6.7 
6.7 
-.....J 
Table 2. Foxtail spp. seed harvest locations and burial information: harvest location, year of burial, 
population name and alias, seed accession lot number (#), harvest date (time of abscission), seedbank 
nursery locations and burial dates; burial depth: up, 0-5cm; down, 5-10 cm; all others, 0-10 cm; shade, light 
see Methods and Materials; a=eoeulation not buried at this location. 
Population Location 
/Harvest Date 
Harvest Burial Population (Population Harvest Johnson Crawfordsville 
Location Year Name Aliasl Lot# Date Burial Date Burial Date 
Coconino Road, Ames, IA. 
Latitude, 42°00'57"N 1998 Coconino Early 98 Coco98-34 3745 8.26.98 8.31.98 9.01 .98 
Longitude, 093°40' 59"W Coconino Late 98 Coco98-40 3750 10.06.98 10.14.98 10.13.98 
Curtiss Farm, ISU, Ames, IA 
Latitude, 42°00'23"N 1997 Curtiss Middle 97 C97-36 3728 9.04.97 9.29.97 10.04.97 00 
Longitude, 093°38'90"W Curtiss Middle 97 Bag C97-36 Bag 3728 9.04.97 9.29.97 10.04.97 
1998 Curtiss Middle 97 C97-36 3728 9.04.97 9.11.98 9.10.98 
Curtiss Early 98 C98-32 3740 8.07.98 8.22.98 8.21.98 
Curtiss Middle 98 C98-36 3746 9.03.98 9.11.98 9.10.98 
Curtiss Middle Core 98up C98-36up 3746 9.03.98 9.15.98 a 
Curtiss Middle Core 98down C98-36down 3746 9.03.98 9.16.98 a 
Curtiss Late 98 C98-40 3754 10.06.98 10.14.98 10.13.98 
Green 98 Green98-39 3755 9.24.98 10.01 .98 9.29.98 
Yellow 98 Yellow98-39 3759 9.24.98 10.01 .98 9.29.98 
1999 Curtiss Early 99 C99-35 3769 8.28.99 9.01 .99 9.01 .99 
Curtiss Middle 99 C99-38 3770 9.23.99 9.30.99 9.29.99 
Curtiss Middle Core 99up C99-38up 3770 9.23.99 10.01 .99 a 
Curtiss Middle Core 99down C99-38down 3770 9.23.99 10.02.99 a 
Table 2. ( continued) 
Location Burial Population Population Harvest Johnson Crawfordsville 
Source Year Name Alias Lot# Date Burial Date Burial Date 
1999 Curtiss Late 99 C99-42 3771 10.18.99 10.27.99 10.26.99 
Green 99 Green99-38 3772 9.17.99 9.21.99 9.21.99 
Yellow 99 Yellow99-38 3785 9.17.99 9.21.99 9.21 .99 
Hinds Farm, ISU, Ames, IA 
Latitude, 42°03"65"N 1998 Hinds Early 98 H98-32 3739 8.06.98 8.22.98 8.21.98 
Longitude, 093°36' 96"W Hinds Middle 98 H98-36 3747 9.08.98 9.19.98 9.22.98 
Hinds Late 98 H98-40 3752 10.06.98 10.14.98 10.13.98 
Hinds Hill 98 HH98-34 3744 8.25.98 8.31.98 9.01 .98 
1999 Hinds Early 99 H99-32 3773 8.06.99 8.09.99 8.10.99 
Hinds Middle 99 H99-36 3774 9.09.99 9.14.99 9.14.99 
Hinds Late 99 H99-41 3775 10.13.99 10.20.99 10.19.99 \0 
Johnson Farm, ISU, Ames,IA 
Latitude, 41 ° 58'88"N 1998 Johnson Early 98 J98-32 3738 8.06.98 8.22.98 8.21.98 
Longitude, 093°38'49"W Johnson Middle 98 J98-36 3749 9.08-09.98 9.19.98 9.22.98 
Johnson Late 98 J98-40 3751 10.06.98 10.14.98 10.13.98 
1999 Johnson Early 99 J99-35 3776 8.28.99 9.01 .99 9.01 .99 
Johnson Middle 99 J99-38 3777 9.23.99 9.30.99 9.29.99 
Johnson Late 99 J99-42 3778 10.18.99 10.27.99 10.26.99 
Oakwood Drive, Ames, IA 
Latitude, 42°01 '83"N 1997 Oakwood Late 97 OW97-37 3734 9.15.97 9.29.97 10.04.97 
Longitude, 093°36'54"W Oakwood Late 97 Bag OW97-37 Bag 3734 9.15.97 9.29.97 10.04.97 
Table 2. ( continued) 
Location Burial Population Population Harvest Johnson Crawfordsville 
Source Year Name Alias Lot# Date Burial Date Burial Date 
1998 Oakwood Early 97 OW97-34 3732 8.25.97 9.11.98 9.10.98 
Oakwood Middle 97 OW97-36 3733 9.04.97 9.11.98 9.10.98 
Oakwood Late 97 OW97-37 3734 9.15.97 9.11.98 9.10.98 
S.E. Research Station, Site 1, Crawfordsville, IA 
Latitude, 41 °12'36"N 1999 Brad's Early 99 899-32 3766 8.10.99 8.24.99 8.24.99 
Longitude, 091 °29' 73"W Brad's Middle 99 899-36 3767 9.06.99 9.14.99 9.14.99 
Brad's Late 99 899-40 3768 10.05.99 10.13.99 10.12.99 
S.E. Research Station, Site 2, Crawfordsville, IA 
Latitude, 41 °12'26"N 1999 Kevin's Early 99 K99-32 3779 8.10.99 8.24.99 8.24.99 
Longitude, 091 °29'68"W Kevin's Middle 99 K99-36 3780 9.06.99 9.14.99 9.14.99 -Kevin's Late 99 K99-40 3781 10.05.99 10.13.99 10.12.99 0 
Wessex Road, Ames, IA 
Latitude, 41 ° 59'67"N 1998 Wessex Early 98 Light WX98-34-L 3743 8.24.98 8.31.98 9.01 .98 
Longitude, 093°38'30"W Wessex Early 98 Shade WX98-34-S 3742 8.20.98 8.24.98 9.01 .98 
Wessex Late 98 Light WX98-39-L 3758 9.25.98 10.01 .98 9.29.98 
Wessex Late 98 Shade WX98-39-S 3757 9.25.98 10.01 .98 9.29.98 
Whiteoak Drive, Ames, IA 
Latitude, 41°59'75"N 1998 Whiteoak Early 98 WO98-32 3741 8.11.98 8.22.98 8.21.98 
Longitude, 093°38'90"W Whiteoak Middle 98 WO98-36 3748 9.08.98 9.19.98 9.22.98 
Whiteoak Late 98 WO98-40 3753 10.06.98 10.14.98 10.13.98 
1999 Whiteoak Early 99 WO99-32 3782 8.06.99 8.09.99 8.10.99 
Whiteoak Middle 99 WO99-36 3783 9.09.99 9.14.99 9.14.99 
Whiteoak Late 99 WO99-42 3784 10.15.99 10.20.99 10.19.99 
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comparisons with those from our primary geographic location of interest Ames, seed was 
collected from two giant foxtail populations near Crawfordsville, IA in 1999. In all instances 
when seed was collected from the same location in different years, the site was protected 
from human interference and collection occurred within the exact same location. In all 
instances seed was gathered from almost pure foxtail monocultures, with special care taken 
to ensure no contamination from non-target foxtail species occurred. 
Seed harvest times. Foxtail seed development occurs continuously from July through 
November (Julian week (JW) 26-48; Appendix A) depending on environmental conditions. 
To evaluate the effects of time of abscission on dormancy and emergence during this seed 
rain period, seed was collected at discrete intervals roughly corresponding to August ( early; 
JW 31-35), September (middle; JW 35-39) and October (late; JW 40-44). The first seed to 
mature and disperse usually occurs in early August, with very little seed production in 
November, in most years. Seed was collected in these intervals in 1997 (JW 36, 37), 1998 
(JW 32, 34, 36, 37, 39, 40), and 1999 (JW 32, 35, 36, 38, 40, 41, 42). 
Photoperiod lengths. The daily light and dark periods during the seed harvest and 
emergence events described in this thesis are provided in Table 3: 
Table 3. Light and dark photoperiod length, and difference in light and dark period length, 
at selected dates and Julian weeks at the Wessex Road site, Ames, Iowa (latitude 41 ° 59' 75" 
N; longitude 093° 38' 90" W). 
Julian Light Period Dark Period Period Difference 
Date Week Length Length (light) - ( dark) 
August 6 32 14h07m 9h 53m 4h 14m 
August 20 34 13h 33m 10h27m 3h 6m 
August 24 34 13h 23m 10h 37m 2h 46m 
September 25 39 1 lh 57m 12h 3m -6m 
October 18 42 10h 54m 13h 6m -2h 12m 
Plant phenotypes. One Ames population in 1998 had giant foxtail plants suffering from 
apparent stress. Seed from plants at the Wessex location came from two sites in the field. 
Those designated "shade" were collected immediately under the canopy of a row of maple 
(Acer sp.) trees serving as a windbreak on the south edge of the crop field, a location in 
which the foxtail plants received full sun only in the morning and late afternoon. Seed from 
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those designated "light" at the Wessex location received full sunlight the entire day, and were 
approximately 20 m north of the "shade" plants. Light levels were not quantified. Because 
of the uncontrolled and unquantified nature of the shading effect it is offered only to advise 
future hypotheses concerning the effect of shading on primary dormancy in foxtail seed. 
Seed collection and preparation. The following standard procedures were rep~ated each 
year to supply genetically pure, mature, high quality seed for experimentation. 
Seed collection. At the specific collection site, individual plants were identified by species. 
Once confirmed to be the target species, the seed heads were tapped against the inside wall of 
an empty plastic dishpan. This was done gently to assure that only ripe seeds were collected. 
These readily-dehiscent seeds would have soon fallen as part of the seasonal seed rain had 
they not been collected. 
Seed preparation. Seed lots were dried separately on # 16 and or # 18 soil separation sieves 
(Seedburo Equipment Co., Chicago, IL, 60607) to allow adequate airflow around the seed 
while preventing any accidental mixing of different seed lots. The seed were stirred once per 
day. Seed lots were dried at room temperature (20° C) and ambient humidity for three to 
four days. Once dry, the seed were cleaned using a seed blower (Seedburo Equipment Co., 
Chicago, IL, 60607). This treatment removed any foreign particles leaving only hard, dar~ 
mature seeds. The majority of these processed seeds were -· then made available for 
subsequent dormancy and emergence experiments. A small portion of the seeds was put into 
long-term storage at -20° C. 
After-Ripening Germination Assays to Determine Primary Dormancy at Abscission 
Primary dormancy can be experimentally determined by exposing freshly abscised 
seeds to after-ripening conditions for various time intervals, then removing them to 
conditions optimal for subsequent germination. After-ripening-germination assays were 
conducted in 1998 and 1999 on seed collected in 1997-1999. Seeds collected in 1998 and 
1999 were evaluated immediately after harvesting and processing. Seeds collected 1997 
were stored immediately after harvesting and processing at constant -20° C. The stored 1997 
seeds were removed from those conditions and tested at the same time as the 1998 
populations. Past experience indicates storage for one year at -20° C results in some low 
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levels of after-ripening, but is a small effect that does not change the relative differences 
between stored populations (Thornhili 1997). This storage is an artifact to be considered in 
interpreting the results obtained in subsequent dormancy and emergence experiments. 
After-ripening environmental conditions. The general procedure for both years was as 
follows. A 60x15 mm glass culture petri dish (Fisher Scientific Company, Pittsburgh, PA, 
15275) was labeled with the seed lot number and treatment. Two disks of Anchor Blue 
germination blotter paper (Anchor Paper Co., St. Pa~ MN, 55101), 51mm in diameter, were 
placed in the dish completely covering the bottom. Immediately prior to sealing the dishes, 2 
ml (1998), or 3ml (1999) of distilled, de-ionized water was placed in the dishes along with 20 
dry foxtail seeds. The seed were placed in a 5 x 4 grid on the germination paper to facilitate 
data collection. After arranging the seed, the dishes were immediately sealed by double-
wrapping with Parafilm "M'' ® (American National Can, Chicago, IL, 60631) to prevent 
water loss. Five replicates (petri dishes) of each treatment were then double-wrapped with 
aluminum foil to ensure complete exclusion of light, and then placed in constant 4° C after-
ripening conditions. In 1998, six treatments of 0-11 weeks after-ripening (0, 14, 35, 49, 63, 
77 d) were used. In 1999, 16 after-ripening treatments of 0-6.5 weeks in regular three-day 
intervals (0, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45 d) were used. 
Seed germination evaluation. After the specified after-ripening period the aluminum foil 
was removed, and the petri dishes were placed into controlled environmental conditions 
optimal for seed germination. The sealed dishes with germination blotter paper, water and 
seed were then placed in a controlled environment seed germination cabinet (Model SG-30, 
Hoff.man Manufacturing, Inc., Albany, OR, 97321) for eight days. The daily conditions in the 
germination chamber alternated between 16 hours of light at 30° C followed by 8 hours of 
darkness at 20°C. After eight days each dish was removed, opened, and evaluated for 
germination percentage. A seed was considered germinated if the coleorhiza and/or 
coleoptile protruded outside the seed hull. 
Foxtail Seedling Emergence 
Common seed burial nursuries. The seed collected from different locations in 1997-1999 
were buried in nurseries with a common agricultural environment in 1997-1999 for 
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observational studies of seedling emergence in 1997-2000. The field studies were conducted 
in nurseries at two locations of the Iowa State University Agricultural Experiment Research 
Station, one at the Johnson Farm south of Ames, IA, and the other at the Southeast Research 
Station near Crawfordsville, Iowa (Table 1 ). The general procedure for both locations was as 
follows. 
Seed preparation. Seed were counted (200 seeds per envelope, soil core, replicate) to 
provide three replications per treatment. Seed was counted manually in 1998 and with a seed 
counter (Seedburo Equipment Co., Chicago, IL, 60607) in 1999. A sample of the envelopes 
was recounted to ensure 200 seeds were placed in each burial soil core. 
Field soil seedbank site preparation. The areas selected for these studies had been 
previously maintained as turfgrass (primarily bromegrass, Bromus sp.) for more than 12 
years. Well in advance of burial, these areas were treated with a 3% solution of glyphosate 
(isopropylamine salt of N-(phosphomethyl) glycine; Roundup®) to kill the grass sod. After 
allowing sufficient time for the herbicide to work, the dead sod was tilled to a depth of about 
20 cm using a rototiller. Time was allowed for continued decay of the sod and the area was 
tilled again. Finally, the _ soil was raked smooth and even for seedbed preparation. Cores 
were removed periodically in the seedbank experimental areas to confirm that no previous, 
contaminating foxtail seed were present besides those buried for the experiments. 
Numbered wooden field stakes were placed in 96 cm rows to align the foxtail seed 
burial cores, and to allow soybeans to be planted between the stake rows. A second set of 
numbered wooden stakes was placed within the 96 cm-spaced rows to locate the individual 
foxtail seed burial cores. Treatments in each experiment at the several locations were 
arranged in the field sites in a completely randomized design using three replications. 
Each spring from 1998-2000, Roundup Ready® soybeans were planted in the 96 cm 
rows between the foxtail seed emergence soil core rows, simulating normal stand density and 
row spacing. Both chemical and manual weed control methods were used to keep the plots 
weed free for the duration of the experiments. In the autumn the soybeans were harvested by 
hand. The plants were threshed and the residue redistributed over the entire plot area. 
Seed burial. Seed were buried soon after harvesting and· preparation in each year (1997-
1999) in the following manner (Table 2). A cardboard template was used to install three 
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metal-staffed marker flags at a set distance and alignment to the wooden field stake. The 
flags defined a round area of 95 cm.2 that would become the seedbank. An onion bulb planter 
was used to extract a 39 cm2, 10 cm deep, core of soil from the center of the three flags. The 
soil was placed in a dishpan where it was broken up by hand into very small particles. The 
seeds from an individual envelope were thoroughly mixed with the soil and then carefully 
returned to the hole where it had come from. 
Burial depth. In 1998 and 1999 seed gathered at the Curtiss farm (C98-36, 1998; C99-38, 
1999) was buried at three depths (0-5 cm, "up"; 5-10 cm, "down"; 0-10 cm was the standard 
burial depth in all other soil cores) in selected treatments at the Johnson Farm. Soil was 
removed to 10 cm as in all the other treatments. This soil was divided into two equal 
portions, and the seed mixed with only one of the halves in the 0-5 or 5-10 cm depth core 
treatments. The half with seed, and the half without seed, were then placed sequentially in 
their ~ppropriate positions in the hole. 
Foxtail seedling emergence data collection. Each week in 1997-2000, from spring through 
autumn when the soil was not frozen, seedling emergence from the several soil cores at both 
burial nursery locations (Johnson Farm, near Crawfordsville; see Table 1) was observed and 
numbers of foxtail seedlings emerged were recorded. Individual emerged seedlings were 
removed at the soil surface and the number of seedlings was recorded. Appendices B and C 
show the average daily precipitation and soil temperatures for the two burial nursery 
locations. 
Data Analysis 
The after-ripening-germination and seedling emergence experiments were analyzed 
separately. The SAS statistical package was used for analysis (SAS Institute Inc., Cary, NC, 
27513). Raw results for each test and each population within a test were plotted using 
Sigmplot2000 (SPSS Science, Chicago, IL, 60606). 
This study consists of three experiments, distinguished by the year in which seeds 
were collected and buried in the soil (1997, 1998, and 1999). Each of these experiments 
were different, the fixed main effects changed somewhat from 1997 to 1999 as insights were 
gained from each successive effort. As such, the results are presented in the first instance by 
Table 4. An anova table examining the sources of variation for all fixed effects of interest for the Fateless 97 
study. This table shows the degrees of freedom, mean square, F value, and P value for each main effect. 
Following the overall model are each year analyzed separately. 1 terms in square brackets indicate the 
components of error terms. Populations examined using this model are C97-36 and OW97-37. Both burial 
nursery locations are analyzed during the years 1997-2000. 
ANOVA OF MS F value P>F 
Burial Nursery 1 100.27285 0.99 0.4240 
Block 2 103.51976 1.03 0.4938 
Error A 1 [Block*Burial Nursery] 2 100.98996 
Population 1 33.72385 0.86 0.4071 
Burial Nursery*Population 1 76.92817 1.95 0.2347 
ErrorB [Block*Burial Nursery*Population] 4 39.37727 
Year 3 2554.88949 32.44 <0.0001 _. 0\ 
Burial Nursery*Year 3 574.93512 7.30 0.0012 
Population*Year 3 323.98859 4.11 0.0173 
Burial Nursery*Population*Year 3 32.58670 0.41 0.7446 
ErrorC [Block*Burial Nursery*Population*Year] 24 78.74700 
1997 
Burial Nursery 1 12.55387 13.22 0.0680 
Block 2 1.39480 1.47 0.4050 
ErrorA [Block*Burial Nursery] 2 0.94950 
Population 1 13.19502 11.00 0.0295 
Burial Nursery*Population 1 1.73244 1.44 0.2957 
ErrorB [Block*Burial Nursery*Population] 4 1.19908 
Table 4. ( continued) 
DF MS F value P>F 
1998 
Burial Nursery 1 341.16404 20.29 0.0459 
Block 2 52.63878 3.13 0.2421 
ErrorA [Block*Burial Nursery] 2 16.81773 
Population 1 767.74605 31.00 0.0051 
Burial Nursery*Population 1 0.68785 0.03 0.8757 
ErrorB [Block*Burial Nursery*Population] 4 24.76463 
1999 
Burial Nursery 1 873.39113 2.05 0.2885 
Block 2 365.83275 0.86 0.5380 
ErrorA [Block*Burial Nursery] 2 426.05398 -...J 
Population 1 189.00966 2.44 0.1936 
Burial Nursery*Population 1 165.94729 2.14 0.2174 
Errors [Block*Burial Nursery*Population] 4 77.56906 
2000 
Burial Nursery 1 597.96917 7.47 0.1118 
Block 2 18.28849 0.23 0.8139 
ErrorA [Block*Burial Nursery] 2 80.00667 
Population 1 35.73887 1.21 0.3335 
Burial Nursery*Population 1 6.32069 0.21 0.6680 
ErrorB [Block*Burial Nursery*Poeulation] 4 29.59001 
Table 5. An anova table examining the sources of variation for all fixed effects of interest for the Fateless 98 
study. This table shows the degrees of freedom, mean square, F value, and P value of each main effect. 
Following the overall model are each year analyzed separately. 1 terms in square brackets indicate the 
components of error terms. Populations examined using this model include: C97-36, C98-32, C98-36, C98-36up, 
C98-36down, C98-40, Green98-39, Yellow98-39, H98-32, H98-36, H98-40, J98-32, J98-36, J98-40, OW97-34, 
OW97-36, OW97-37, WX98-34-L, WX98-34-S, WX98-39-L, WX98-39-S, WO98-32, WO98-36, WO98-40. Both 
burial nursery locations and all harvest dates are analyzed during the years 1998-2000. 
ANOVA OF MS F value P>F 
Burial Nursery 1 1085.35009 15.31 0.0595 
Block 2 311 .83518 4.40 0.1852 
Error A 1 [Block*Burial Nursery] 2 70.88902 
Population 9 364.60632 5.35 <0.0001 
Harvest Date 5 1106.36569 16.24 <0.0001 
Burial Nursery*Population 7 167.66651 2.46 0.0244 
Burial Nursery*Harvest Date 5 145.38112 2.13 0.0697 
Population*Harvest Date 7 31.46328 0.46 0.8592 
Burial Nursery*Population*Harvest Date 7 331.84708 4.87 0.0001 
ErrorB [Block*Burial Nursery*Harvest Date*Population] 80 68.11313 
Year 2 19878.86391 317.01 <0.0001 
Burial Nursery*Year 2 2845.94782 45.38 <0.0001 
Population*Year 18 244.62673 3.90 <0.0001 
Harvest Date*Year 10 1518.22347 24.21 <0.0001 
Burial Nursery*Population*Year 14 167.01655 2.66 0.0015 
Burial Nursery*Harvest Date*Year 10 31 .90847 0.51 0.8822 
Burial Nursery*Population*Harvest Date*Year 28 200.09793 3.19 <0.0001 
ErrorC [Block*Burial Nursery*Population*Harvest Date*Yea 168 62.70770 
,___. 
00 
Table 5. (continued) 
DF MS F value P>F 
1998 
Burial Nursery 1 69.34361 13.72 0.0658 
Block 2 14.02866 2.78 0.2648 
ErrorA [Block*Burial Nursery] 2 5.05259 
Population 9 75.47862 12.34 <0.0001 
Harvest Date 5 233.05278 38.10 <0.0001 
Burial Nursery*Population 7 13.45988 2.20 0.0427 
Burial Nursery*Harvest Date 5 68.28069 11.16 <0.0001 
Population*Harvest Date 7 33.49539 5.48 <0.0001 
Burial Nursery*Population*Harvest Date 7 1.96529 0.32 0.9423 
ErrorB [Block*Burial Nursery*Harvest Date*Population] 80 6.11661 
1999 \0 
Burial Nursery 1 6411.90055 204.70 0.0048 
Block 2 245.59162 7.84 0.1131 
ErrorA [Block*Burial Nursery] 2 31.32283 
Population 9 641.97632 4.48 <0.0001 
Harvest Date 5 3737.15089 26.10 <0.0001 
Burial Nursery*Population 7 412.78383 2.88 0.0097 
Burial Nursery*Harvest Date 5 114.77508 0.80 0.5518 
Population*Harvest Date 7 74.70577 0.52 0.8157 
Burial Nursery*Population*Harvest Date 7 923.78035 6.45 <0.0001 
ErrorB [Block*Burial Nursery*Harvest Date*Population] 80 143.18605 
Table 5. (continued) 
OF MS F value P>F 
2000 
Burial Nursery 1 251.64682 5.24 0.1492 
Block 2 186.96362 3.89 0.2043 
ErrorA [Block*Burial Nursery] 2 48.01422 
Population 9 136.37558 2.91 0.0049 
Harvest Date 5 172.60895 3.68 0.0047 
Burial Nursery*Population 7 75.45591 1.61 0.1444 
Burial Nursery*Harvest Date 5 26.14228 0.56 0.7318 
Population*Harvest Date 7 40.36177 0.86 0.5405 
Burial Nursery*Population*Harvest Date 7 89.39352 1.91 0.0790 
ErrorB [Block*Burial Nurser~*Harvest Date*Poeulation] 80 46.84765 
N 
0 
Table 6. An anova table examining the sources of variation for all fixed effects of interest in the Fateless 99 
study. This table shows the degrees of freedom, mean square, F value, and P value of each main effect. 
Following the overall model are each year analyzed separately. 1 terms in square brackets indicate the 
components of error terms. Populations examined using this model include: C99-35, C99-38, C99-38up, 
C99-38down, C99-42, Green99-38, Yellow99-38, H99-32, H99-36, H99-41, J99-35, J99-38, J99-42, 899-32, 
899-36, 899-40, K99-32, K99-36, K99-40, WO99-32, WO99-36, and WO99-42. Both burial nursery locations 
and all harvest dates are analyzed during the years 1999 and 2000. 
ANOVA DF MS F value P>F 
Burial Nursery 1 3247.63912 56.46 0.0173 
Block 2 60.15799 1.05 0.4888 
Error A 1 [Block*Burial Nursery] 2 57.51816 
Population 9 292.51197 5.31 <0.0001 
Harvest Date 6 332.47749 6.03 <0.0001 
Burial Nursery*Population 7 58.33496 1.06 0.3979 
Burial Nursery*Harvest Date 6 171.74316 3.12 0.0086 
Population*Harvest Date 6 367.07948 6.66 <0.0001 
Burial Nursery*Population*Harvest Date 6 187.65796 3.41 0.0049 
ErrorB [Block*Burial Nursery*Harvest Date*Population] 79 55.09671 
Year 1 41213.92821 706.22 <0.0001 
Burial Nursery*Year 1 2573.29206 44.09 <0.0001 
Population*Year 9 290.22866 4.97 <0.0001 
Harvest Date*Year 6 288.77573 4.95 0.0002 
Burial Nursery*Population*Year 7 64.84528 1.11 0.3640 
Burial Nursery*Harvest Date*Year 6 243.33312 4.17 0.0010 
Burial Nursery*Population*Harvest Date*Year 12 275.92230 4.73 <0.0001 
ErrorC [Block*Burial Nursery*Population*Harvest Date*Year] 83 58.35880 
N ...... 
Table 6. (continued) 
DF MS F value P>F 
1999 
Burial Nursery 1 14.50928 14.66 0.0619 
Block 2 1.34564 1.36 0.4237 
ErrorA [Block*Burial Nursery] 2 0.98946 1.47 0.2359 
Population 9 1.07494 1.60 0.1301 
Harvest Date 6 3.47981 5.17 0.0002 
Burial Nursery*Population 7 0.79269 1.18 0.3246 
Burial Nursery*Harvest Date 6 4.04295 6.01 <0.0001 
Population*Harvest Date 6 0.25979 0.39 0.8858 
Burial Nursery*Population*Harvest Date 6 0.16273 0.24 0.9612 
Errors [Block*Burial Nursery*Harvest Date*Population] 79 0.67255 
N 
2000 N 
Burial Nursery 1 5648.08579 59.61 0.0164 
Block 2 136.17528 1.44 0.4103 
ErrorA [Block*Burial Nursery] 2 94.74690 
Population 9 581.67632 5.16 <0.0001 
Harvest Date 6 621.29754 5.51 <0.0001 
Burial Nursery*Population 7 121.60567 1.08 0.3851 
Burial Nursery*Harvest Date 6 413.12190 3.66 0.0029 
Population*Harvest Date 6 727.52295 6.45 <0.0001 
Burial Nursery*Population*Harvest Date 6 378.56174 3.36 0.0053 
ErrorB [Block*Burial Nursery*Harvest Date*Poeulation) 79 112.75914 
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experiment (collection and burial year), and then compared over years for those effects 
common to the different experiments. 
After-ripening. A mean germination percentage and standard error were calculated for each 
after-ripening interval. To find the number of days of after-ripening required to reach 10, 25, 
50, and 75% germination the data collected at 0-11 weeks was used assuming a discrete 
uniform distribution of germination during each after-ripening interval. The Ryan-Einot-
Gabriel-Welsh (regwq) multiple range tests were used to do multiple comparison t-tests for 
populations harvested the same Julian week as well as the early, middle, and late collections 
within a population. A fixed effect model ANOV A was done to investigate main effects. 
Emergence. Mean emergence per core per year was computed by taking total emergence 
values and dividing by the number of cores for the population. Standard error was also 
computed. Mean emergence per core per period with standard error was computed using 
Julian weeks as cutoffs. The regwq multiple range tests were used to do multiple c~mparison 
t-tests for populations harvested at similar Julian weeks as well as the early, middle, and late 
collections within a population. ANOVA tests were done to investigate main effects. Since 
these were observational studies fixed effects models were used (see Tables 4-6). 
RESULTS 
PRIMARY DORMANCY AT SEED ABSCISSION 
Inter-Specific Genotypes: Giant, Green, Yellow Foxtail 
Yellow foxtail was more dormant than giant and green in both years (1998, 1999), 
and green had dormancy intermediate to giant populations as a group. Yellow was more 
dormant than green foxtail or any giant foxtail population harvested at a similar time in 1998 
(JW39/40; Table 7) and 1999 (JW38; Table 8) (Appendix D, E, F, G, H). Yellow foxtail 
seed were viable, but none germinated after the 45 d or the AR assay in 1999. Green foxtail 
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Table 7. Mean days after-ripening time (days at 4°C, moist, dark) required for 
50% germination of seeds from C, H, J, WO, WX, Green, and Yellow harvested 
in 1998 during Julian weeks (JW) early (JW32, 34), middle (JW36), late (JW 39, 
40); comparison between populations, within a harvest date. 1 means with the 
same letter within a harvest week(s) group are not significantly different at the 
0.05 % level. 
Harvest 
Date 
Early :JW32 
Early :JW34 
Middle :JW36 
Late :JW39/40 
Population 
Alias 
C98-32 
H98-32 
J98-32 
WO98-32 
WX98-34-L 
WX98-34-S 
C98-36 
H98-36 
J98-36 
WO98-36 
C98-40 
H98-40 
J98-40 
WO98-40 
WX98-39-L 
WX98-39-S 
Green98-39 
Yellow98-39 
AR time 
(days) 
44.4 91 
37.0 B 
42.8 B 
56.9 A 
30.2 B 
58.2 A 
37.2 A 
24.5 C 
31.9 B 
34.4 A,B 
18.2 C 
24.0 B,C 
28.7 B 
23.8 B,C 
19.9 B,C 
17.1 C 
27.8 B 
77.0 A 
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Table 8. Mean days after-ripening time (days at 4°C, mojst, dark) required for 
25% germination of seeds from B, C, H, J, K, WO, Green, Yellow harvested 
in 1999 during Julian weeks (JW) early (JW 32), middle (JW 35/36, 38), late 
(JW40/41/42); comparison between populations, within harvest date. 1 Means 
within Julian week(s) of harvest groups with the same letter are not significantly 
different at the 0.05% level. 2 Yellow foxtail did germinate but were viable in 
1999. 
Harvest Population AR Time 
Date Alias (days) 
Early :JW32 
H99-32 37.2 A1 
WO99-32 39.6 A 
899-32 26.0 B 
K99-32 37.1 A 
Middle :JW35/36 
C99-35 32.3 A 
H99-36 13.8 C 
J99-35 33.8 A 
WO99-36 27.9 A 
899-36 22.2 B 
K99-36 28.8 A 
Middle :JW38 
C99-38 15.2 B 
J99-38 29.0 A 
Green99-38 16.9 B 
Yellow99-38 2 2 
Late :JW40/41/42 
C99-42 10.8 A 
H99-41 1.7 A 
J99-42 9.7 A 
WO99-42 5.2 A 
899-40 8.4 A 
K99-40 8.5 A 
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was similar ( e.g. H98-40; C99-38), more dormant ( e.g. C98-40), or less dormant ( e.g. J99-
38) than giant foxtail populations harvested at similar times in 1998 and 1999 (Table 7, 8). 
Intra-Specific Genotype: Giant Foxtail 
Ames 1997 populations: Curtiss (C) and Oakwood (OW). Two giant foxtail populations 
from Ames were evaluated in 1997. At the middle harvest in 1997 C97-36 was more 
dormant than OW97-36 and OW97-37, but less dormant than OW97-34 harvested earlier 
(Table 9; Appendix D, I). 
Ames 1998, 1999 populations: Curtiss, Hinds (H), Johnson (J), Whiteoak (WO). The 
combined after-ripening responses of four giant foxtail populations from Ames in 1998 and 
1999 are presented in Figure 1. In general, seed collected in 1999 was more dormant than 
that collected in 1998 when% germination was averaged over four Ames populations (C98, 
C99; H98, H99; J98, J99; WO98, WO99) gathered at three different seasonal harvest times 
(1998: JW32, 36, 40; 1999: JW32, 35, 36, 38, 41, 42). 
An assessment of differences in primary dormancy among these Ames giant foxtail 
populations can be made by comparisons within a time of harvest and year. In most 
instances levels of dormancy were similar among the four, but some differences in AR 
between populations from a single harvest time and year were observed. These differences 
were most apparent at the middle harvest (JW 36), somewhat less early, and least late. A 
generalized ranking among the main Ames populations (C, H, J and WO) might be possible 
when comparisons from both harvest times and years are considered. 
At the early 1998 harvest, WO98-32 was more dormant than C98-32, H98-32 and 
J98-32; while these last four had similar levels of dormancy as revealed by the AR assay 
(Table 7; Appendix D, E). At the middle harvest in that year H98-36 was less dormant than 
the other three populations (C98-36, J98-36, WO98-36), which were similar to each other. 
At the late harvest J98-40 was more dormant than C98-40, and the other two populations 
(H98-40, WO98-40) intermediate between J and C. 
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1998 1.75 A 10.92 A 54.12 A 54.12 A 79.55 A 
1999 6.17 A 13.92 A 24.18 B 27.05 B 30.91 B 
Mean germination percentages within an after-ripening interval with 
the same letter are not significantly different at the 0.05% level. 
Figure 1. After-ripening time (days at 4° C, moist, dark) versus mean% seed 
germination ( +/-SE) averaged over four populations collected in Ames, IA in 
1998 and 1999 at several harvest times (time of abscission, Julian week) 
(C98-32, C98-36, C98-40, H98-32, H98-36, H98-40, J98-32, J98-36, J98-40, 
WO98-32, WO98-36, WO98-40, C99-35, C99-38, C99-42, H99-32, H99-36, 
H99-41, J99-35, J99-38, J99-42, WO99-32, WO9936, WO99-42). 
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Table 9. Mean days after-ripening time (days at 4° C, moist, dark) required for 
50% germination of seeds from C and OW harvested in 1997 during Julian 
weeks (JW) early JW 34), middle (JW 36), and late (JW 37); comparison 
between populations. 1 Means with the same letter are not significantly different 
at the P=0.05% level. 
Population 
Alias 
Curtiss 97 
C97-36 
Oakwood 97 
OW97-34 
OW97-36 
OW97-37 
AR Time 
(days) 
30.2 81 
68.6 A 
20.3 C 
12.9 D 
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In 1999 most Ames populations had similar levels of primary dormancy, with fewer 
instances of differences than in 1998. The ability to detect differences between populations 
harvested at the same time was limited by the several harvests in which not all four 
populations were present ( e.g. JW32, 38). At the middle harvest (JW 35/36) in that year 
H99-36 was less dormant than the other 3 populations (C99-35, 199-35, WO99-36, which 
were similar to each other (Table 8; Appendix D, F). No differences in primary dormancy 
between the four Ames populations were observed in the late harvest. 
A ranking among the four Ames populations in terms of relative dormancy at 
abscission might be possible based on the observed differences in individual harvest and year 
comparisons. In general they can be ranked (from most dormant to least): WO> 1 = C > H, 
although these Ames populations were frequently similar. The dormancy of all populations 
was variable and was influenced by the time of abscission and year. In both years, WO 
dormancy was always greater than or equal to that of the other three Ames populations. H 
dormancy was always less than or equal to that of the other local populations. Dormancy in 1 
and C were either greater, less or equal to that of the others. 
Crawfordsville 1999 populations. Two populations (B99, K99) at the ISU SE research 
station near Crawfordsville were evaluated for dormancy in 1999 only (Table 2). The K99 
population was more dormant than B99 at the early (JW32) and middle harvests (JW36), but 
were similar late (JW40; Table 8). The two Crawfordsville populations were not clearly 
different from those at Ames in terms of dormancy. At the early harvest B99-32 was less 
dormant than H99-32 and WO99-32. At the middle harvest B99-36 dormancy was 
intermediate to C99-35, 199-35, WO99-36, and H99-36. The four Ames and two 
Crawfordsville populations at the late harvest (JW40-42) had similar primary dormancy. 
Time of Abscission: Years 
A consistent, complex pattern of behavior in the four Ames populations was observed 
in comparisons of dormancy in seed shed in 1998 and 1999 (Table 10; Appendix J). The 
relative level of primary dormancy induced in most Ames populations was greater in 1999 
compared to 1998 in the middle harvest (JW35, 36). This pattern reversed itself in the late 
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Table 10. FL97-99 AR: mean days after-ripening time (days at 4° C, moist, dark) 
required for 25% germination of seeds from C, H, J, WO harvested in 1997-1999; 
comparison within population and harvest date; between years. 1 Means with the 
same letter are not significantly different at the 0.05% level. 2 population not 
buried in 1997. 
Population 
Alias 
C -35/36 
C -40/42 
H-32 
H-36 
H - 40/41 
J - 35/36 
J - 40/42 
WO-32 
WO-36 
WO-40/42 
AR Time (days) 
1997 1998 1999 
16.8 C1 22.8 B 32.3 A 
2 9.6 A 10.8 A 
2 
2 
2 
2 
2 
2 
2 
2 
27.6 B 37.2 A 
17 A 13.8 A 
13.4 A 1.7 B 
19.7 B 33.8 A 
21.2 A 9.7 B 
38.3 A 39.6 A 
22.7 B 27.9 A 
15.1 A 5.2 B 
31 
harvest (JW40-42) when 1998 seed took longer to after-ripen compared to 1999 in most 
Ames populations. Although there is only one population (C97-36) to provide evidence, 
seed from 1997 was less dormant than that harvested at a similar time in 1998 or 1999. 
Time of Abscission: Time of Year 
In general, the earlier a giant foxtail seed abscised the more dormant it was compared 
to seed falling later in that year from the same population, an observation consistent with past 
studies done in controlled environments (Haar, 1998). Earlier maturing seed was more 
dormant than seed maturing later in all Ames and Crawfordsville populations harvested 
1997-1999 (Table 9: OW97-34, 36, 37) (Table 11: C98-32, 36, 40; H98-32, 36; 198-32, 36; 
WO98-32, 36, 40) (Table 12: C99-35, 38; H99-32, 36, 41; 199-35, 42; WO99-32, 36, 42; 
B99-32, 40; K99-32, 36, 40). Additionally, the higher the relative dormancy of a population 
the more likely it was that these differences in dormancy between harvests dates were 
detectable (Table 9, 11, 12; Appendix E, H, I). 
Shade 
Both time of abscission within a year and shading appear to influence the level of 
primary dormancy induced in giant foxtail seed. These two factors interact with each other, 
and time of abscission had an influence on how shading affected primary dormancy. Seed 
collected early (JW34) from unshaded and shaded portions of the same field (Wessex, WX) 
were both more dormant than that collected later (JW39) in 1998 (Table 11; Appendix D, E). 
Seed from the shaded part of the field was more dormant than that from the unshaded early in 
the season (JW34), but this effect of shading was not observed in the later harvest (JW39). 
Because of the uncontrolled and partially quantified nature of this shading effect (Table 3) 
these results are offered only to advise an hypothesis that shading increases primary 
dormancy of foxtail seed harvested early in the seed rain season. 
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Table 11. FL98 AR: mean days of after-ripening time (days, 4° C, moist, dark) 
required for 50% germination of seeds from C, H, J, WX, and WO harvested 
in 1998 during Julian weeks (JW) early (JW32, 34), middle (JW36), and late 
(JW39, 40); comparisons between harvest dates (E, M, L), within harvest 
locations. 1 Means within location source with the same letter are not significantly 
different at the P=0.05% level. 
Harvest Harvest Population AR Time 
Location Date Alias (days} 
Curtiss Early :JW32 C98-32 44.4 A1 
Middle :JW36 C98-36 37.2 8 
Late :JW40 C98-40 18.1 C 
Hinds Early :JW32 H98-32 37.0 . A 
Middle :JW36 H98-36 24.5 8 
Late :JW40 H98-40 24.0 8 
Johnson Early :JW32 J98-32 42.8 A 
Middle :JW36 J98-36 31.9 8 
Late :JW40 J98-40 28.7 8 
Wessex Early :JW34 WX.98-34-L 30.2 8 
Early :JW34 WX.98-34-S 58.2 A 
Late :JW39 WX.98-39-L 19.9 C 
Late :JW39 WX.98-39-S 17.2 C 
Whiteoak Early :JW39 WO98-32 56.9 A 
Middle :JW36 WO98-36 34.4 8 
Late :JW40 WO98-40 23.8 C 
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Table 12. FL99 AR: mean after-ripening time (days 4°C, moist, dark) required for 
25% germination of seeds from 8, C, H, J, K, WO harvested in 1999 during Julian 
weeks (JW) early (JW32, 35), middle (JW36,38), late (JW40,41,42); comparison 
between harvest dates (E, M, L), within location sources. 1 Means within location 
sources, with the same letter are not significantly different at the P=0.05 % level. 
Harvest Harvest Population AR Time 
Location Date Alias (days) 
Curtiss Early :JW35 C99-35 32.3 A1 
Middle :JW38 C99-38 15.2 8 
Late :JW42 C99-42 10.8 8 
Hinds 
Early :JW32 H99-32 37.2 A 
Middle :JW36 H99-36 13.8 8 
Late ·:JW41 H99-41 1.7 C 
Johnson 
Early :JW35 J99-35 33.8 A 
Middle :JW38 J99-38 29.0 A 
Late ':JW42 J99-42 9.7 8 
S.E. Research Farm 
Site 1 Early :JW32 899-32 26.04 A 
Middle :JW36 899-36 22.2 A 
Late :JW40 899-40 8.4 8 
S.E. Research Farm 
Site2 Early :JW32 K99-32 37.1 A 
Middle :JW36 K99-36 28.8 8 
Late :JW40 K99-40 8.5 C 
Whiteoak 
Early :JW32 WO99-32 39.6 A 
Middle :JW36 WO99-36 27.9 8 
Late :JW42 WO99-42 5.2 C 
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SEEDLING EMERGENCE SUBSEQUENT TO SEED ABSCISSION 
Inter-Specific Genotypes: Green, Yellow Foxtail 
Seedling emergence of green and yellow foxtails collected at the Curtiss location in 
1998 and 1999 was similar at most time periods and locations. In many instances yellow 
foxtail seedling germination exceeded that of green foxtail during the layby period. 
1998 populations. Differences in seedling emergence among green (Green98-39) and 
yellow (Yellow98-39) harvested and buried in 1998 differed depending on the burial nursery 
they were grown in (Table 13). In general green and yellow foxtail emergence was similar at 
all time periods after burial in Ames, and at Crawfordsville from the time of burial until 
layby of year 1 (1999). From layby year 1 (1999) through layby year 2 (2000), yellow 
foxtail at Crawfordsville was greater than that of green foxtail, with the exception of late 
1999 (year 1 ). 
1999 populations. Seedling emergence of green (Green99-38) and yellow (Yellow99-38) 
foxtails harvested and buried in 1999 was similar in most instances from burial through year 
1 (2000), with one notable exception (Table 14). During the layby period in year 1 (2000) 
yellow foxtail seedling germination exceeded that of green foxtail at Crawfordsville. 
Intra-Specific Genotype: Giant Foxtail 
The occurrence of emergence events in which 2: four mean seedlings per Julian week 
for any of the four giant foxtail populations from Ames is revealed in Figure 2. In general, 
most emergence occurred in the first half of the year when the responses of the four Ames 
populations (C98, C99; H98, H99; J98, J99; WO98, WO99), the several seasonal (time of 
abscission) harvest times (1998: JW32, 36, 40; 1999: JW32, 35, 36, 38, 41, 42), from 
seedlings in 1998-2000, are combined. 
Inspection of this seedling data reveals a pattern of "flushes" or times of increased 
emergence, as well as intervening periods of low emergence, in 1998-2000 at both locations. 
Times when the number of"2: 4 seedlings/week events" occurred exceeded 25 (JW20, JW24) 
were separated by intervening periods when far fewer "2: 4 seedlings/week events" occurred. 
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Figure 2. Frequency distribution of the occurrence of?: 4 mean seedlings 
emerging per 95 cm2 per Julian week in 1998-2000 from four Ames 
populations harvested at several times (time of abscission) in 1998 and 
1999 (C98-32, C98-36, C98-40, H98-32, H98-36, H98-40, J98-32, 
J98-36, J98-40, WO98-32, WO98-36, WO98-40, C99-35, C99-38, 
C99-42, H99-32, H99-36, H99-41, J99-35, J99-38, J99-42, WO99-32, 
WO99-36, WO99-42; see Table 2). 
Table 13. Giant, green, and yellow foxtail mean seedling emergence per 95 cm2 in 1998-2000 by time period 
(year total, early, layby, late (see Table 15 for calendar dates) for seed harvested (time of abscission) early, 
(Julian week (JW) 34) and late (JW39) in 1998 from several locations (see Table 2) and buried in seedbank 
nurseries in Ames and Crawfordsville, Iowa; 1 means with the same letter within a time period of emergence, 
and within a harvest date, within burial nursery location (JW39), between burial nursery locations (JW34), are 
not significatly different at the 0.05% level. 
Harvest Population Burial 
Date Alias Nursery Year 
Location 1998 1999 2000 
Total Total Earl~ La~b~ Late Total Earl~ La~b~ Late 
Early: JW34 
WX98-34-L Ames 1.3 A1 43.0A 24.3A 17.7 A 1.0A 4.3 B 0.3A 2.7 A 1.3 B 
WX98-34-S Ames 0.3A 19.3 B 4.0 B 9.0 B 6.3A 20.3A 0.3A 6.0A 14.0 A 
WX98-34-L Crawfordsville 0.3A 11 .3 C 7.7 B 3.7 B 0.0A 10.0 A,B 1.3 A 8.0A 0.7 B 
WX98-34-S Crawfordsville 0.0A 9.3 C 4.0 B 2.7 B 2.7 A 6.0 B 1.3 A 1.7 A 3.0 B w 
0\ 
Late: JW39 
WX98-39-L Ames 12.7 A 50.0A 39.7 A,B 9.7 A 0.7 A 2.0C 1.0 A 0.0 B 1.0 A 
WX98-39-S Ames 0.0 B 80.7 A 58.7 A 21.3A 0.7 A 6.0 B,C 1.7 A 3.7 B 0.7 A 
Green98-39 Ames 0.0 B 36.7 A 10.3 B 18.7 A 7.7 A 12.0 A,B 0.3 A 5.3 B 6.3A 
Yellow98-39 Ames 0.0 B 60.7 A 23.0 B 33.0A 4.7 A 20.7 A 6.7 A 12.3A 1.7 A 
WX98-39-L Crawfordsville 7.7 A 58.7 A 54.7 A 4.0 B 0.0A 1.7 B 1.0 B 0.3 B 0.3A 
WX98-39-S Crawfordsville 0.0 B 27.7 B 21.3 B 6.0 B 0.3A 6.7 B 2.7 B 3.3 B 0.7 A 
Green98-39 Crawfordsville 0.0 B 21.3 B 8.0 B 11.0 B 2.3A 6.0 B 1.7 B 2.7 B 1.7 A 
Yellow98-39 Crawfordsville 0.0 B 44.3 A,B 19.0 B 24.3A 1.0A 31.3 A 11.7 A 18.3 A 1.3 A 
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Table 14. Giant, green, and yellow foxtail mean seedling emergence per 95 cm2 
in 1999-2000 by time period (year total, early, layby, late (see Table 15 for 
calendar dates)) for seed harvested (time of abscission) early (Julian week (JW) 
32), middle (JW 35, 36, 38), late (JW 40,41,42) in 1999 from several locations (see 
Table 2) and buried in seedbank nurseries in Ames and Crawfordsville, Iowa; 
1 means with the same letter within a time period of emergence, within a harvest 
date, and within a burial nursery location, between populations are not significantly 
different at the 0.05% level. 
Harvest 
Date/ Burial 
Population Nursery Year 
Alias Location 1999 2000 
Total Total Early Layby Late 
Early: JW32 
H99-32 Ames 0.0 A1 16.0 A 0.7 A 8.7 A 6.7 A 
WO99-32 Ames 0.0 A 10.3 A 1.7 A 5.7 A 3.0 A 
899-32 Ames 0.0 A 32.0 A 15.0 A 13.7 A 3.3 A 
K99-32 Ames 0.0 A 24.7 A 0.3 A 17.7 A 6.7 A 
H99-32 Crawfordsville 0.0 A 35.7 B 18.3 A 14.7 8 2.7 A 
WO99-32 Crawfordsville 0.0 A 30.7 8 9.0 A 16.0 8 5.7 A 
899-32 Crawfordsville 0.0 A 43.3 8 16.7 A 23.7 A,B 3.0 A 
K99-32 Crawfordsville 0.0 A 78.0 A 34.0 A 34.0 A 10.0 A 
Middle: JW 35/36 
C99-35 Ames 0.0 A 10.3 A,B 2.0 A 5.0 A 3.3 A 
H99-36 Ames 0.3 A 13.3 A,B 1.7 A 10.0 A 1.7 A 
J99-35 Ames 0.0 A 8.0 8 0.3 A 6.0 A 1.7 A 
WO99-36 Ames 0.3 A 29.0 A,B 4.0 A 16.7 A 8.3 A 
899-36 Ames 0.0 A 36.7 A 8.3 A 23.3 A 5.0 A 
K99-36 Ames 0.0 A 22.3 A,B 1.7 A 14.3 A 6.3 A 
C99-35 Crawfordsville 0.0 A 27.0 C 7.0 B 15.0 A 5.0 B 
H99-36 Crawfordsville 1.0 A 42.3 B,C 26.7 A,B 15.0 A 0.7 B 
J99-35 Crawfordsville 0.0 A 28.7 C 11.7 B 13.0 A 4.0 B 
WO99-36 Crawfordsville 0.0 A 57.3 A,B 33.7 A,B 19.7 A 4.0 B 
B99-36 Crawfordsville 0.0 A 78.0 A 50.0 A 23.7 A 4.3 B 
K99-36 Crawfordsville 0.0 A 37.3 B,C 5.7 B 16.3 A 15.3 A 
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Table 14. (continued) 
Harvest 
Date/ Burial 
Population Nursery Year 
Alias Location 1999 2000 
Total Total Earlt Latbt Late 
Middle: JW38 
C99-38 Ames 0.1 A 22.7 A,B 0.5 A 13.1 A,B 9.1 A,B 
C99-38down Ames 0.5 A 10.9 B 0.2 A 5.5 B 5.2 A,B 
C99-38up Ames 1.1 A 29.5 A 1.2 A 16.6 A 11.7 A 
J99-38 Ames 0.0 A 21.0 A,B 0.7 A 8.0 A,B 12.3 A 
Green99-38 Ames 0.0 A 17.0 A,B 0.0 A 13.0 A,B 4.0 B 
Yettow99-38 Ames 0.0 A 17.7 A,B 0.0 A 11.7 A,B 6.0 A,B 
C99-38 Crawfordsville 0.2 A 39.9 A 8.5 A 26.0 A,B 5.4A 
J99-38 Crawfordsville 0.0 A 29.3 A 9.7 A 14.0 A,B 5.7 A 
Green99-38 Crawfordsville 0.7 A 24.0 A 12.7 A 10.3 B 1.0 A 
Yettow99-38 Crawfordsville 0.0 A 37.3 A 5.7 A 31.3 A 0.3 A 
Late: JW40/41/42 
C99-42 Ames 0.0 A 23.3 B 3.7 B 14.0 A 5.7 A 
H99-41 Ames 0.0 A 25.0 B 5.0 B 16.0 A 4.0 A 
J99-42 Ames 0.0 A 27.7 B 5.0 B 18.7 A 4.0 A 
WO99-42 Ames 0.0 A 35.0 B 6.0 B 20.0 A 9.0 A 
B99-40 Ames 0.0 A 77.3 A 40.0 A 35.0 A 2.3 A 
K99-40 Ames 0.0 A 36.3 B 3.7 B 23.0 A 9.7 A 
C99-42 Crawfordsville 0.0 A 38.0 A,B,C 24.0 A,B 13.3 B 0.7 A 
H99-41 Crawfordsville 4.0 A 21.7 C 14.3 B 4.3 B 3.0 A 
J99-42 Crawfordsville 0.3 A 31.0 B,C 20.0 A,B 10.0 B 1.0 A 
WO99-42 Crawfordsville 2.3 A 40.7 A,B,C 30.3 A,B 9.0 B 1.3 A 
B99-40 Crawfordsville 2.0 A 67.3 A 52.0 A 14.7 B 0.7 A 
K99-40 Crawfordsville 1.0 A 59.7 A,B 20.3 A,B 35.3 A 4.0 A 
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Because these corresponded to general times of Iowa com-soybean production practices 
(Anonymous, 1998; Duffy, 2000; Duffy and Ernst, 1999), three component periods of 
seedling emergence were identified for subsequent comparison (Table 15). 
Table 15. Periods of foxtail spp. seedling emergence during a growing seaso~ calendar time 
( months, dates), Julian week time, and associated crop production activities. 
Foxtail Seedling ---------Time-- ---------
Emergence Period Calendar Time Julian Week Crop Production Activities 
Early Emergence April 2-May 27 14-21 pre-planting; planting; early post-
emergence herbicide tactics 
Layby Emergence May 28-July 1 22-26 layby ( crop canopy closure) 
Late Emergence July 2-December 9 27-49 harvest; post-harvest tillage 
Ames 1997 populations: Curtiss and Oakwood. In general, the pattern of behavior of 
C97-36 and OW97-37 was similar whether it was buried soon after abscission and harvest 
(1997) or buried after one year of storage at -20° C (1998; Table 16, 17, 18, 19, Appendix 
K). This occurred despite the fact that the environment experienced by an individual 
population ( calendar time) buried in different years also differed in terms of its life history 
(time since burial). Soon after burial in either 1997 or 1998, emergence of OW97-37 was 
greater than that of C97-36, but thereafter they were either similar (Crawfordsville burial 
nursery) or C97-36 emergence was greater than OW97-37 at certain times (Ames burial 
nursery). 
1997 seed buried in 1997. In general, emergence of OW97-37 was greater in the first year 
after burial than that of C97-36 (Table 16, 17, 18, 19). Thereafter, the emergence was similar 
between the two or else the pattern reversed itself with C97-36 exceeding OW97-37. 
Emergence of OW97-37 was greater than that of C97-36 from the burial year 1997 (year 0) 
until layby of 1998 (year 1) at both burial nursery locations (Table 16). From layby in year 
1998 until the end of 2000 emergence of both populations was similar at the Crawfordsville, 
and usually similar at Ames with some exceptions. Late in 1999 (year 2) and layby in 2000 
Table16. Giant foxtail mean seedling emergence per 95 cm2 in years 0-2 after burial, by time period (year 
total, early, layby, late, cumulative total for the three years (see Table15 for calendar dates)) for seed 
harvested (time of abscission) middle (Julian week (JW) 36) and late (JW 37) in 1997 from C and OW (see 
Table 2) and buried in seedbank nurseries in Ames and Crawfordsville, Iowa; 1 means with the same letter 
within a time period of emergence or cumulative total, and within a burial nursery location, between 
populations and burial years are not significantly different atJhe 0.05 % level. 
Cumulative 
Burial Year After Burial Total 
Population Burial Nursery Year0 Year1 Year2 YearO - Year2 
Alias Year Location Total Total Early Layby Late Total Early Layby Late 
C97-36 1997 Ames 0.2 D 32.0 A1 22.5 A 5.5 C 4.6 A 44.3 A 22.3 A 16.7 A 5.3 A 68.3 A 
C97-36 1998 Ames 3.7 B 44.0 A 20.7 A 19.3 A 4.0 A 10.3 B 1.3 A 6.3 A,B 2.7 B 58.0 A 
OW97-37 1997 Ames 1.5 C 49.4 A 38.9 A 5.1 C 3.6 A 29.5 A,B 22.4 A 6.9 A,B 0.5 C 81 .3 A 
OW97-37 1998 Ames 9.7 A 33.7 A 20.3 A 10.7 B 2.7 A 6.3 B 2.0 A 2.7 B 1.7 B,C 49.7 A 
C97-36 1997 Crawfordsville 1.5 B 21 .1 B 10.0 B 4.3 A 7.6 A 19.8 A 10.2 A 8.8 A 0.8 A 44.2 A 
C97-36 1998 Crawfordsville 4.0 B 19.3 B 11 .7 B 5.7 A 2.0 B,C 16.7 A 1.7 A 10.7 A 4.3 A 40.0 A 
OW97-37 1997 Crawfordsville 4.3 B 37.2 A 26.1 A 5.4 A 6.2 A,B 19.3 A 9.3 A 6.0 A 4.0 A 68.7 A 
OW97-37 1998 Crawfordsville 29.3 A 22.7 B 17.7 A,B 4.0 A 1.0 C 9.7 A 3.3 A 5.0 A 1.3 A 61.7 A 
0 
41 
Table 17. Giant foxtail mean seedling emergence per 95 cm2 in 1998 by time 
period (year total, early, layby, late (see Table 15 for calendar dates)) for seed 
harvested (time of abscission) middle (Julian week (JW) JW 36), late (JW37) in 
1997 from C and OW ( see Table 2) and buried in seed bank nurseries in Ames 
and Crawfordsville, Iowa; 1 for seeds buried in fall of 1997, 1998 is year 1. 2 for 
seeds buried in fall of 1998, 1998 is year 0. 3 seeds not buried yet. 4 means with 
the same letter within a burial nursery location, within a burial year, between time 
periods of emergence are not significantly different at the 0.05% level. 
Burial 1998 
Population Nursery Burial 
Alias Location Year Total Early Layby Late 1 fT otal2 
C97-36 Ames 1997 32.0 22.5 A4 5.5 B 4.6 B 
C97-36 Ames 1998 3 3 3 3.7 
OW97-37 Ames 1997 49.4 38.9 A 5.1 B 3.6 B 
OW97-37 Ames 1998 3 3 3 9.7 
C97-36 Crawfordsville 1997 21.1 10.0 A 4.3 B 7.6A 
C97-36 Crawfordsville 1998 3 3 3 4.0 
OW97-37 Crawfordsville 1997 37.2 26.1 A 5.4 B 6.2 B 
OW97-37 Crawfordsvi lie 1998 3 3 3 29.3 
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Table 18. Giant foxtail mean seedling emergence per 95 cm2 in 1999 by time 
period (year total, early, layby, late (see Table 15 for calendar dates)) for seed 
harvested (time of abscission) middle (Julian week (JW) JW36), late (JW37) 
in 1997 from C and OW (see Table 2) and buried in seedbank nurseries in 
Ames and Crawfordsville, Iowa; 1 means with the same letters within a 
population, within a burial nursery location, within a burial year, between time 
periods of emergence not different at the 0.05% level. 
Burial 1999 
Population Nursery Burial 
Alias Location Year Total Early Layby Late 
C97-36 Ames 1997 44.3 22.3 A1 16.7 A 5.3 A 
C97-36 Ames 1998 44.0 20.7 A 19.3 A 4.0 B 
OW97-37 Ames 1997 29.5 22.4 A 6.9 B 0.5 C 
OW97-37 Ames 1998 33.7 20.3 A 10.7 A,B 2.7 B 
C97-36 Crawfordsvi I le 1997 19.8 10.2 A 8.8 A 0.8 B 
C97-36 Crawfordsvi lie 1998 19.3 11.7 A 5.7 B 2.0 B 
OW97 -37 Crawfordsville 1997 19.3 9.3 A 6.0 A 4.0 A 
OW97 -37 Crawfordsville 1998 22.7 17.7 A 4.0 B 1.0 B 
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Table 19. Giant foxtail mean seedling emergence per 95 cm2 in 2000 by time 
period (year total, early, layby, late (see Table 15 for calendar dates)) for seed 
harvested (time of abscission) middle (Julian week (JW) JW36), late (JW37) 
in 1997 from C and OW (see Table 2) and buried in seedbank nurseries in 
Ames and Crawfordsville, Iowa; 1 means with the same letters within a 
population, within a burial nursery location, within a burial year, between time 
periods of emergence not different at the 0. 05% level. 
Burial 2000 
Population Nursery Burial 
Alias Location Year Total Early Layby Late 
C97-36 Ames 1997 6.3 1.7 A1 3.7 A 1.0 A 
C97-36 Ames 1998 10.3 1.3 A 6.3 A 2.7 A 
OW97-37 Ames 1997 1.5 0.4 B 0.9 A 0.2 B 
OW97-37 Ames 1998 6.3 2.0 A 2.7 A 1.7 A 
C97-36 Crawfordsville 1997 20.0 5.2 B 13.7 A 1.2 B 
C97-36 Crawfordsvi lie 1998 16.7 1.7 A 10.7 A 4.3 A 
OW97-37 Crawfordsville 1997 17.0 3.3 B 13.3 A 0.3 B 
OW97-37 Crawfordsville 1998 9.7 3.3 A 5.0 A 1.3 A 
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(year 3) emergence of C97-36 was greater than that of OW97-37 at Ames. The year 3 (2000) 
total emergence of C97-36 was greater than that of OW97-37, probably because the larger 
emergence during the layby period in 2000. 
1997 buried in 1998. OW97-37 emergence was greater than that ofC97-36 in the burial year 
(1998) at both burial nursery locations, for that seed that was stored for one year before entry 
into the soil (Table 16, 17, 18, 19). Emergence of both populations was similar in 1999 (year 
1) at both locations, and at Crawfordsville in 2000 (year 2). In year 2 (2000) at Ames, total 
emergence of C97-36 was greater than that of OW97-37, probably because the larger 
emergence during the layby period in 2000. 
Ames 1998, 1999 populations: Curtiss, Hinds, Johnson and Whiteoak. In general 
variability in seedling emergence due to differences in time of abscission, harvest year, time 
since burial, and burial nursery location obscured any differences that might have existed 
among these four Ames giant foxtail populations. 
1998 populations. In most instances, seedling emergence was similar among these four 
Ames populations harvested and buried in 1998 at 0-10cm soil depths, but with several 
exceptions (Table 20). The exceptions include differences in seedling emergence between: 
H98-36 greater than J98-36 at Crawfordsville early in 1999 (year 1 ); H98-36 greater than 
C98-36 at Crawfordsville early in 2000 (year 2); H98-36 greater than J98-36 at 
Crawfordsville early in 2000 (year 2); H98-40 greater than C98-40 at Ames for the total in 
1999 (year 1 ); at Crawfordsville during layby 1999 (year 1) C98-40 greater than the other 4 
populations harvested in JW40; C98-36 greater than WO98-36 at Ames late in 1999 (year l); 
at Crawfordsville during layby 1999 (year 1) C98-40 greater than the other 4 populations 
harvested in JW40; WO98-36 greater than J98-36 at Crawfordsville early in 1999 (year l); 
and at Ames in 1998 (burial year) WO98-40 greater than the other 4 populations harvested in 
JW40. Where differences between populations did occur, a tentative ranking might possibly 
be made (from greater to lesser seedling emergence): H98 > C98 > WO98 > J98. 
1999 populations. In general, seedling emergence was similar among these same four Ames 
populations harvested and buried in 1999 at 0-10cm soil depths, and grown at two common 
Table 20. Giant foxtail mean seedling emergence per 95 cm2 in 1998-2000 by time period (year total, early, layby, 
late (see Table 15 for calendar dates)) for seed harvested (time of abscission) early (Julian week (JW) 32), middle 
(JW36), and late (JW40) in 1998 from several locations (see Table 2) and buried in seedbank nurseries in Ames and 
Crawfordsville, Iowa; 1 means with the same letter within a time period of emergence, within a harvest date, and 
within a burial nursery location, between populations are not different at the 0.05% level. 
Harvest 
Date/ Burial Year 
Population Nursery 1998 1999 2000 
Alias Location Total Total Early Layby Late Total Early Layby Late 
Early: JW32 
C98-32 Ames 0.0 A1 30.3 A 11.0 A 13.3 A 6.0 A 15.3 A 1.7 A 7.3 A 6.3 A 
H98-32 Ames 0.3 A 43.7 A 24.0 A 15.0 A 4.7 A 16.7 A 4.0 A 6.7 A 6.0 A 
J98-32 Ames 0.0 A 17.0 A 2.7 A 10.7 A 3.7 A 17.7 A 1.3 A 5.3 A 11.0 A 
WO98-32 Ames 1.7 A 25.7 A 9.0 A 11.7 A 5.0 A 10.3 A 2.0 A 3.3 A 5.0 A .,1::,. Vl 
C98-32 Crawfordsville 0.3 A 10.0 A 3.3 A 5.0 A 1.7 A 18.3 A 1.0A 13.7 A 3.7 A 
H98-32 Crawfordsville 0.0 A 11.3 A 6.7 A 3.3 A 1.3 A 32.7 A 7.3 A 16.7 A 8.7 A 
J98-32 Crawfordsville 0.0 A 12.0 A 3.7 A 7.0 A 1.3 A 15.0 A 1.7 A 8.7 A 4.7 A 
WO98-32 Crawfordsville 0.0 A 11.7 A 5.7 A 4.0 A 2.0 A 15.0 A 0.3 A 10.3 A 4.3 A 
Middle: JW36 
C97-36 Ames 3.7 A 44.0 B 20.7 A 19.3 A,B,C 4.0 A,B 10.3 A 1.3 A 6.3 A 2.7 A 
C98-36 Ames 0.3 B 45.7 B 17 .6 A,B 24.5 A,B 6.0 A 9.2 A 0.7 A 5.7 A 2.8 A 
C98-36up Ames 0.5 B 67.9 A 26.7 A 31.0 A 7.3 A 11.7 A 1.0 A 5.6 A 5.1 A 
C98-36down Ames 0.1 B 14.3 C 4.1 B 7.1 C 3.5 A,B 7.6 A 0.6 A 4.8 A 2.2 A 
H98-36 Ames 0.0 B 45.3 B 25.0 A 17.7 A,B,C 2.7 A,B 13.3 A 2.7 A 7.7 A 3.0 A 
J98-36 Ames 0.3 B 39.0 B 16.1 A,B 18.2 A,B,C 4.7 A,B 17.8 A 2.3 A 9.4 A 6.0 A 
WO98-36 Ames 0.7 B 24.7 B,C 13.0 A,B 11.0 B,C 0.7 B 8.0 A 0.3 A 5.7 A 2.0 A 
Table 20. ( continued) 
Harvest 
Date/ Burial Year 
Population Nursery 1998 1999 2000 
Alias Location Total Total Earl~ La~b~ Late Total Earl~ La~b~ Late 
Middle: JW36 
C97-36 Crawfordsville 4.0 A 19.3 A 11.7 A,B 5.7 A 2.0 A 16.7 A 1.7 B,C 10.7 A 4.3 A 
C98-36 Crawfordsville 0.0 B 27.2 A 11.1 A,B 14.1 A 4.1 A 15.8 A 0.9 C 12.4 A 2.5 A 
H98-36 Crawfordsville 0.0 B 34.0 A 19.0 A 13.0 A 2.0 A 29.3 A 12.0 A 13.7 A 3.7 A 
J98-36 Crawfordsville 0.4 B 16.2 A 7.6 B 8.0 A 1.3 A 13.7 A 3.4 B,C 7.8 A 2.4 A 
WO98-36 Crawfordsville 0.7 B 26.0 A 19.3 A 5.3 A 1.3 A 19.3 A 7.3 A,B 10.7 A 1.3 A 
0\ 
Late: JW40 
C98-40 Ames 0.0 B 36.0 B 19.0 A 14.7 A 2.3 A 5.0 A 1.7 A 2.0 A 1.3 A 
H98-40 Ames 0.3 B 74.3 A 52.7 A 18.0 A 3.7 A 13.3 A 1.7 A 7.0 A 4.7 A 
J98-40 Ames 0.0 B 60.7 A,B 33.3 A 22.3 A 5.0 A 13.3 A 3.7 A 6.3 A 3.3 A 
WO98-40 Ames 6.0 A 45.7 A,B 29.0 A 13.7 A 3.0 A 9.7 A 1.0 A 5.0 A 3.7 A 
C98-40 Crawfordsville 2.0 A 53.3 A 30.7 A 21.0 A 1.7 A 18.0 A 2.0 A 14.0 A 2.0 A 
H98-40 Crawfordsville 0.0 A 38.0 A 29.3 A 8.3 B 0.3 A 14.7 A 6.7 A 5.7 A 2.3 A 
J98-40 Crawfordsville 0.0 A 37.0 A 23.3 A 12.7 B 1.0A 21.3 A 4.3 A 14.3 A 2.7 A 
WO98-40 Crawfordsville 7.3 A 42.3 A 33.3 A 7.3 B 1.7 A 13.3 A 2.7 A 7.3 A 3.3 A 
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nurseries, with one exception (Table 14). Seedling emergence from WO99-36 was greater 
than that of C99-35 and J99-36 at Crawfordsville in 2000 for the year 1 total period. 
Crawfordsville 1999 populations. As with the four Ames giant foxtail populations (C, H, J, 
WO), the seedling emergence from the two Crawfordsville populations harvested and buried 
in 1999 appeared to be a function of factors other than just harvest location, with no 
consistent pattern {Table 14). In some instances seedling emergence between populations 
was similar, at other times and locations one exceeded the other. Seedling emergence was 
similar at Ames for B99-32 and K99-32 at all time periods measured. B99 emergence 
exceeded that of K99 in some cases: at Crawfordsville, JW36 for 2000 (year 1) total and 
early period; at Ames, JW40, 2000 total and early. K99 emergence exceeded that ofB99 at 
Crawfordsville in some instances: JW32, 2000 total; JW36, 2000 late; JW40, 2000 at layby. 
Emergence periodicity: Years. 
The mean number of buried seeds (200 per soil core) that subsequently emerged with 
time can be generalized over locations and populations. In general a small amount of seed 
from individual populations harvested in 1997 (giant 0.1-2.2%, Table 21), 1998 (giant 0-
3.7%, Table 22, green 0%, Table 13, yellow 0%, Table 13) and 1999 (giant 0-2%, green 0-
0.4%, yellow 0%, Table 23) emerged in the year it was buried in the soil. Seedling 
emergence in the first year after burial ranged from 4-38.7% {1997 populations, giant 10.6-
24.7%, Table 21); (1998 populations, giant 5-37.2%, Table 22, green 10.7-18.4%, Table 13, 
yellow 22.2-30.4%, Table 13); (1999 populations, giant 4-38.7%, green 8.5-12%, yellow 8.9-
18.7%, Table 23). Seedling emergence in the second year after burial ranged from 2.5-
22.2% (1997 populations, giant 9.7-22.2%, Table 21); (1998 populations, giant 2.5-16.35%, 
Table 22, green 3-6%, Table 13, yellow 10.4-15.7%, Table 13). Seedling emergence in the 
third year after burial ranged from 0.8-10% (1997 populations, Table 21). A_p_parently, other 
factors besides calendar year, or years since burial, are responsible for this high variation in 
the proportion of the seedbank that emerges every year. 
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Table 21. Giant foxtail mean seedling emergence per 95 cm2 in years 
1997 -2000 by yearly totals per year and cumulative total for 4 years ( 1997 
burial) or 3 years (1998 burial) for seed harvested (time of abscission) 
middle (Julian week (JW) 36), late (JW37) in 1997 from C and OW (see 
Table 2) and buried in seedbank nurseries in Ames and Crawfordsville, 
Iowa; 1 yearly total means with the same letter within a single population, 
burial nursery location and burial year, between years not different at the 
0.05% level; 2 cumulative total means with same letter within a burial 
nursery location, between populations and burial years not different at the 
0.05% level. 3 population not buried yet. 
Burial Yearti Totals 
Population Nursery Burial 1997 1998 1999 2000 
Alias Location Year 
C97-36 Ames 1997 0.2 81 32.0A 44.3A 6.3B 
C97-36 Ames 1998 3 3.7 B 44.0A 10.3 8 
OW97-37 Ames 1997 1.5 C 49.4A 29.5 B 1.5 C 
OW97-37 Ames 1998 3 9.7 B 33.7 A 6.3 8 
C97-36 Crawfordsville 1997 1.5 B 21.1 A 19.8 A 20.0 A 
C97-36 Crawfordsville 1998 3 4.0 A 19.3 A 16.7 A 
Cumulative 
Total 
74.7 A2 
58.0A 
82.7 A 
49.7 A 
64.2A,B 
40.0 B 
OW97-37 Crawfordsville 1997 4.3 B 37.2 A 19.3 B 17.0 8 85.7 A 
OW97-37 Crawfordsville 1998 3 29.3 A 22.7 A 9.7 A 61.7 A,B 
49 
Table 22. Giant foxtail mean seedling emergence per 95 cm2 in years 
1998-2000 by yearly total means per year and cumulative total mean for 
the 3 years for seed harvested (time of abscission) early (Julian week 
(JW) 32), middle (JW36), and late (JW40) in 1998 from several locations 
(see Table 2) and buried in seedbank nurseries in Ames and 
Crawfordsville, Iowa; 1 yearly total means with the same letter within a 
harvest date, within a population, within a burial nursery location not 
different at the 0.05% level. 2 cumulative total means with the same 
letter within a harvest date and burial nursery location, between 
populations not different at the 0.05% level. 
Harvest 
Date/ 
Population 
Alias 
Early: JW32 
C98-32 
H98-32 
J98-32 
W098-32 
C98-32 
H98-32 
J98-32 
W098-32 
Middle: JW36 
C97-36 
C98-36 
C98-36up 
C98-36down 
H98-36 
J98-36 
WO98-36 
Burial 
Nursery 
Location 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
____ Y_ea_r_ly __ T_o_t_a_ls ____ Cumulative Total 
1998 1999 2000 1998-2000 
0.0 81 
0.3 A 
0.0 A 
1.7 A 
0.3 A 
0.0 A 
0.0 A 
0.0 A 
3.7 B 
0.3 B 
0.5 C 
0.1 C 
0.0 B 
0.3 C 
0.7 B 
30.3 A 
43.7 A 
17.0 A 
25.7 A 
10.0 A 
11.3 A 
12.0 A 
11.7 A 
44.0 A 
45.7 A 
67.9 A 
14.3 A 
45.3 A 
39.0 A 
24.7 A 
15.3 A,B 
16.7 A 
17.7 A 
10.3 A 
18.3 A 
32.7 A 
15.0 A 
15.0 A 
10.3 B 
9.2 B 
11.7 B 
7.6 B 
13.3 B 
17.8 B 
8.0 A 
45.7 A2 
60.7 A 
34.7 A 
37.7 A 
28.7 A 
44.0 A 
27.0 A 
26.7 A 
58.0 A,B 
50.8 A,B 
85.0 A 
24.1 B 
58.7 A,B 
63.1 A,B 
33.3 B 
Table 22. (continued) 
Harvest 
Date/ 
Population 
Alias 
Middle: JW36 
C97-36 
C98-36 
H98-36 
J98-36 
WO98-36 
Late: JW40 
C98-40 
H98-40 
J98-40 
WO98-40 
C98-40 
H98-40 
J98-40 
WO98-40 
Burial 
Nursery 
Location 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
1998 
4.0 A 
0.0 C 
0.0 B 
0.4 B 
0.7 A 
0.0 B 
0.3 B 
0.0 B 
6.0 B 
2.0 B 
0.0 B 
0.0 B 
7.3 B 
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Yearl~ Totals 
1999 
19.3 A 
27.2 A 
34.0 A 
16.2 A 
26.0 A 
36.0 A 
74.3 A 
60.7 A 
45.7 A 
53.3 A 
38.0 A 
37.0 A 
42.3 A 
2000 
16.7 A 
15.8 B 
29.3 A 
13.7 A 
19.3 A 
5.0 B 
13.3 B 
13.3 B 
9.7 B 
18.0 B 
14.7 A,B 
21.3 A,B 
13.3 B 
Cumulative Total 
1998-2000 
40.0 A 
40.9 A 
63.3 A 
29.8 A 
46.0 A 
41.0 B 
88.0 A 
74.0 A,B 
61.3 A,B 
73.3 A 
52.7 A 
58.3 A 
63.0 A 
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Table 23. Giant, green, and yellow foxtail mean seedling emergence per 
95 cm2 in years 1999-2000 by yearly total means per year and cumulative 
total mean for the 2 years for seed harvested (time of abscission) early 
(Julian week (JW) 32), middle (JW35,36,38), late (JW40,41,42) in 1999 
from several locations (see Table 2) and buried in seedbank nurseries in 
Ames and Crawfordsville, Iowa; 1 yearly total means with the same letter 
within a harvest date, within a population, and within a burial nursery 
location not different within the 0.05% level. 2 cumulative total means 
with the same letter within a harvest date and burial nursery location, 
between populations not different at the 0.05% level. 
Harvest 
Date/ Burial 
Population Nursery Yearly Totals Cumulative Total 
Alias Location 1999 2000 1999-2000 
Early: JW32 
H99-32 Ames 0.0 A1 16.0 A 16.0 A2 
WO99-32 Ames 0.0 A 10.3 A 10.3 A 
899-32 Ames 0.0 A 32.0 A 32.0 A 
K99-32 Ames 0.0 B 24.7 A 24.7 A 
H99-32 Crawfordsville 0.0 B 35.7 A 35.7 B 
WO99-32 Crawfordsville 0.0 A 30.7 A 30.7 B 
899-32 Crawfordsville 0.0 A 43.3 A 43.3 B 
K99-32 Crawfordsville 0.0 8 78.0 A 78.0 A 
Middle: JW 35/36 
C99-35 Ames 0.0 A 10.3 A 10.3 A 
H99-36 Ames 0.3 A 13.3 A 13.7 A 
J99-35 Ames 0.0 8 8.0 A 8.0 A 
WO99-36 Ames 0.3 A 29.0 A 29.3 A 
899-36 Ames 0.0 A 36.7 A 36.7 A 
K99-36 Ames 0.0 8 22.3 A 22.3 A 
C99-35 Crawfordsville 0.0 8 27.0 A 27.0 C 
H99-36 Crawfordsville 1.0 A 42.3 A 43.3 8,C 
J99-35 Crawfordsville 0.0 8 28.7 A 28.7 C 
WO99-36 Crawfordsville 0.0 8 57.3 A 57.3 A,B 
899-36 Crawfordsville 0.0 8 78.0 A 78.0 A 
K99-36 Crawfordsville 0.0 8 37.3 A 37.3 8,C 
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Table 23. ( continued) 
Harvest 
Date/ Burial 
Population Nursery Yearll Totals Cumulative Total 
Alias Location 1999 2000 1999-2000 
Middle: JW38 
C99-38 Ames 0.1 8 22.7 A 22.8 A,8 
C99-38down Ames 0.5 8 10.9 A 11.5 8 
C99-38up Ames 1.1 8 29.5 A 30.5 A 
J99-38 Ames 0.0 8 21.0 A 21.0 A,B 
Green99-38 Ames 0.0 A 17.0 A 17.0 A,B 
Yellow99-38 Ames 0.0 8 17.7 A 17.7 A,B 
C99-38 Crawfordsville 0.2 8 39.9 A 40.2 A 
J99-38 Crawfordsville 0.0 8 29.3 A 29.3 A 
Yellow99-38 Crawfordsville 0.0 A 37.3 A 37.3 A 
Green99-38 Crawfordsville 0.7 A 24.0 A 24.7 A 
Late: JW40/41/42 
C99-42 Ames 0.0 8 23.3 A 23.3 8 
H99-41 Ames 0.0 8 25.0 A 25.0 8 
J99-42 Ames 0.0 8 27.7 A 27.7 8 
WO99-42 Ames 0.0 8 35.0 A 35.0 8 
899-40 Ames 0.0 8 77.3 A 77.3 A 
K99-40 Ames 0.0 8 36.3 A 36.3 8 
C99-42 Crawfordsville 0.0 8 38.0 A 38.0 B,C 
H99-41 Crawfordsville 4.0 A 21.7 A 25.7 C 
J99-42 Crawfordsville 0.3 8 31.0 A 31.3 C 
WO99-42 Crawfordsville 2.3 A 40.7 A 43.0 A,B,C 
899-40 Crawfordsville 2.0 8 67.3 A 69.3 A 
K99-40 Crawfordsville 1.0 8 59.7 A 60.7 A,8 
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Emergence Periodicity: Time of Year 
Green and yellow foxtail. In general green foxtail seedling emergence was similar during 
the early, layby and late periods in year 1 (1999, Table 24); 2000, Table 25) for seed 
harvested in either 1998 or 1999 at both nurseries. In general yellow foxtail seedling 
emergence was greater at layby compared to late in year 1 (1999, Table 24); 2000, Table 25) 
for seed harvested in either 1998 or 1999. The relationship between yellow foxtail seedling 
emergence in the early and layby periods was either equal (1998 seed in 1999, Table 24) and 
2000, Table 26), or layby was greater than early (1999 seed in 2000), depending on the year 
it was harvested (Table 25). 
The patterns of emergence of green foxtail harvested in 1998 was similar in both 
1999 (year 1) and 2000 (year 2), as it was also for yellow foxtail in the same situations. Year 
one yellow foxtail seedling emergence (1999; Table 24) from seed collected and buried in 
1998 was equal in early and layby periods, but was greater in layby relative to early and late 
in year 1 (2000) from seed harvested in 1999 (Table 25). 
Giant foxtail populations: Curtiss and Oakwood. In general, seedling emergence from 
populations (C97-36, OW97-37) harvested and buried in 1997 was greatest in the early 
period of the first year after burial (1998), similar among the component periods of the 
second year (1999), and greatest in the layby period in the third year (2000), when the three 
intra-season periods (early, layby, late) were compared. When the same seed (C97-36, 
OW97-37) was stored (-20° C) for one year and buried in 1998, the same first year (this time 
in 1999) and second year (this time in 2000) patterns of emergence were observed as those of 
the same seed buried in 1997. These consistent patterns of seedling emergence within a year 
( and over 2 years) occurred despite the fact that the seasonal environments of first ( 1998 vs. 
1999) and second (1999 vs. 2000) years were quite different (Appendices Band C). 
1997 seed buried in 1997. In 1998 (year 1) seedling emergence of both populations (C97-36, 
OW97-37) was greatest in the early period, and became less likely later in the growing 
season (layby, late) at both burial nurseries (Table 17). Emergence in the layby and late 
periods was similar for both populations at both burial nursery locations in 1998. 
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Table 24. Giant, green, and yellow foxtail mean seedling emergence per 
95 cm2 in 1999 by time period (year total, early, layby, late (see Table 15 
for calendar dates)) for seed harvested (time of abscission) early (Julian 
week (JW) 34), late (JW39) in 1998 from several locations (see Table 2) 
and buried in seedbank nurseries in Ames and Crawfordsville, Iowa; 
1 means with the same letter within a harvest date, within a population, 
within a burial nursery location, between time periods of emergence are 
not significantly different at the 0.05% level. 
Harvest 
Date/ 
Population 
Alias 
Early: JW34 
WX98-34-L 
WX98-34-S 
WX98-34-L 
WX98-34-S 
Late: JW39 
WX98-39-L 
WX98-39-S 
Green98-39 
Yellow98-39 
WX98-39-L 
WX98-39-S 
Green98-39 
Yellow98-39 
Burial 
Nursery 
Location 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Total Early 
43.0 24.3 A1 
19.3 4.0 A 
11.3 7.7 A 
9.3 4.0 A 
50.0 39.7 A 
80.7 58.7 A 
36.7 10.3 A 
60.7 23.0 A 
58.7 54.7 A 
27.7 21.3 A 
21.3 8.0 A 
44.3 19.0 A 
1999 
Layby 
17.7 8 
9.0 A 
3.7 8 
2.7 A 
9.7 8 
21.3 8 
18.7 A 
33.0 A 
4.0 8 
6.0 8 
11.0 A 
24.3 A 
Late 
1.0 C 
6.3 A 
0.0 C 
2.7 A 
0.7 B 
0.7 C 
7.7 A 
4.7 A 
0.0 B 
0.3 C 
2.3 A 
1.0 B 
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Table 25. Giant, green and yellow foxtail mean seedling emergence per 95 
cm2 in 2000 by time period (year total, early, layby, late (see Table 15 for 
calendar dates)) for seed harvested (time of abscission) early (Julian week 
(JW) 32) middle (JW35, 36, 38), late (JW 40, 41, 42) in 1999 from several 
locations (see Table 2) and buried in seedbank nurseries in Ames and 
Crawfordsville, Iowa; 1 means with the same letter within harvest date, within 
population, within burial nursery location, and between time periods of 
emergence are not significantly different at the 0.05% level. 
Harvest 
Date/ 
Population 
Alias 
Early:JW32 
H99-32 
WO99-32 
899-32 
K99-32 
H99-32 
WO99-32 
899-32 
K99-32 
Burial 
Nursery 
Location 
Ames 
Ames 
Ames 
Ames 
· Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Middle: JW 35/36 
C99-35 Ames 
H99-36 Ames 
J99-35 Ames 
WO99-36 Ames 
899-36 Ames 
K99-36 Ames 
C99-35 Crawfordsville 
H99-36 Crawfordsville 
J99-35 Crawfordsville 
WO99-36 Crawfordsville 
B99-36 Crawfordsville 
K99-36 Crawfordsville 
Total 
16.0 
10.3 
32.0 
24.7 
35.7 
30.7 
43.3 
78.0 
10.3 
13.3 
8.0 
29.0 
36.7 
22.3 
27.0 
42.3 
28.7 
57.3 
78.0 
37.3 
2000 
Early 
0.7 81 
1.7 A 
15.0 A 
0.3 8 
18.3 A 
9.0 A 
16.7 A 
34.0 A 
2.0 A 
1.7 8 
0.3 B 
4.0 A 
8.3 B 
1.7 A 
7.0 B 
26.7 A 
11.7 A 
33.7 A 
50.0 A 
5.7 B 
Layby 
8.7 A 
5.7 A 
13.7 A 
17.7 A 
14.7 A 
16.0 A 
23.7 A 
34.0 A 
5.0 A 
10.0 A 
6.0 A 
16.7 A 
23.3 A 
14.3 A 
15.0 A 
15.0 A,B 
13.0 A 
19.7 A 
23.7 8 
16.3 A 
Late 
6.7 A 
3.0 A 
3.3 A 
6.7 B 
2.7 A 
5.7 A 
3.0 A 
10.0 A 
3.3 A 
1.7 B 
1.7 B 
8.3 A 
5.0 B 
6.3 A 
5.0 B 
0.7 B 
4.0 A 
4.0 A 
4.3 B 
15.3 A 
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Table 25. (continued) 
Harvest 
Date/ Burial 
Population Nursery 2000 
Alias Location Total Early Layby Late 
Middle: JW38 
C99-38 Ames 22.7 0.5 C 13.1 A 9.1 B 
C99-38down Ames 10.9 0.2 B 5.5 A 5.2 A 
C99-38up Ames 29.5 1.2 C 16.6 A 11.7 8 
J99-38 Ames 21.0 0.7 C 8.0 B 12.3 A 
Green99-38 Ames 17.0 0.0 8 13.0 A 4.0 A,8 
Yellow99-38 Ames 17.7 0.0 C 11.7 A 6.0 8 
C99-38 Crawfordsville 39.9 8.5 8 26.0 A 5.4 8 
J99-38 Crawfordsville 29.3 9.7 A 14.0 A 5.7 A 
Green99-38 Crawfordsville 24.0 12.7 A 10.3 A 1.0 A 
Yellow99-38 Crawfordsville 37.3 5.7 8 31.3 A 0.3 8 
Late: JW40/41/42 
C99-42 Ames 23.3 3.7 A 14.0 A 5.7 A 
H99-41 Ames 25.0 5.0 8 16.0 A 4.0 B 
J99-42 Ames 27.7 5.0 8 18.7 A 4.0 8 
WO99-42 Ames 35.0 6.0 B 20.0 A 9.0 B 
899-40 Ames 77.3 40.0 A 35.0 A 2.3 8 
K99-40 Ames 36.3 3.7 A 23.0 A 9.7 A 
C99-42 Crawfordsville 38.0 24.0 A 13.3 8 0.7 C 
H99-41 Crawfordsville 21.7 14.3 A 4.3 A 3.0 A 
J99-42 Crawfordsville 31.0 20.0 A 10.0 B 1.0 C 
WO99-42 Crawfordsville 40.7 30.3 A 9.0 A 1.3 A 
899-40 Crawfordsville 67.3 52.0 A 14.7 8 0.7 B 
K99-40 Crawfordsville 59.7 20.3 A 35.3 A 4.0 B 
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Table 26. Giant, green, and yellow foxtail mean seedling emergence per 
95 cm2 in 2000 by time period (year total, early, layby, late (see Table 15 
for calendar dates)) for seed harvested (time of abscission) early (Julian 
week (JW) 34) and late (JW39) in 1998 from several locations (see Table 
2) and buried in seedbank nurseries in Ames and Crawfordsville, Iowa; 
1 means with the same letter within a harvest date, within a population, 
within a burial nursery focation ( JW39), between burial nursery locations 
(JW34), between time periods of emergence are not significantly different 
at the 0.05% level. 
Harvest 
Date/ 
Population 
Alias 
Early: JW34 
WX98-34-L 
WX98-34-S 
WX98-34-L 
WX98-34-S 
Late: JW39 
WX98-39-L 
WX98-39-S 
Green98-39 
Yellow98-39 
WX98-39-L 
WX98-39-S 
Green98-39 
Yellow98-39 
Burial 
Nursery 
Location 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Total Early 
4.3 0.3 A1 
20.3 0.3 B 
10.0 1.3 B 
6.0 1.3 A 
2.0 1.0 A 
6.0 1.7 A 
12.0 0.3 A 
20.7 6.7 A 
1.7 1.0 A 
6.7 2.7 A 
6.0 1.7 A 
31.3 11.7 A 
2000 
Layby 
2.7 A 
6.0 B 
8.0 A 
1.7 A 
0.0 A 
3.7 A 
5.3 A 
12.3 A 
0.3 A 
3.3 A 
2.7 A 
18.3 A 
Late 
1.3 A 
14.0 A 
0.7 B 
3.0 A 
1.0 A 
0.7 A 
6.3 A 
1.7 A 
0.3 A 
0.7 A 
1.7 A 
1.3 B 
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In 1999 (year 2) seedling emergence of both populations (C97-36, OW97-37) in the 
three component periods of the season was more likely to be similar, with some exceptions 
(Table 18). In most instances early emergence was similar to that during layby (C97-36, 
both nurseries; OW97-37, Crawfordsville). In some instances emergence in the early and 
late, as well as layby and late, periods were similar (C97-36, Ames; OW97-37, 
Crawfordsville). In some instances early emergence was greater than that during the late 
period (C97-36, Crawfordsville; OW97-37, Ames) 
In 2000 (year 3) seedling emergence of both populations (C97-36, OW97-37) was 
most frequently greatest during the layby period, while that during the early and late periods 
was similar, when the component periods of the year were compared (Table 19). In all 
instances seedling emergence in the early and late periods was similar. In most instances 
layby emergence was greater than that during either the early or late period (C97-36, 
Crawfordsville; OW97-37, both nurseries). 
1997 buried in 1998. The first (1999) and second (2000) year general patterns of emergence 
among the three seasonal periods was similar for both populations harvested in 1997, 
regardless of whether they were buried in 1997 or 1998. In 1999 (year I) seedling 
emergence of both populations (C97-36, OW97-37) harvested in 1997 and buried in 1998 
was always greater in the early period compared to the late period (Table 19). In most 
instances emergence during the layby period was similar to that of the late period (C97-36, 
Crawfordsville; OW97-37, both nurseries). In some instances emergence during the early 
period was similar to that of the layby period (both populations at Ames). 
Giant foxtail populations: Curtiss, Hinds, Johnson, Whiteoak. In general, the patterns of 
emergence of the four Ames populations (C, H, J, WO) harvested in 1998 and 1999 provided 
a more detailed and complex view of seedling emergence patterns due to the greater 
information provided by more populations gathered at several harvest (time of abscission) 
times compared to the data from 1997 populations. The earliest harvested seed (both 1998 
and 1999) emerged in similar numbers in the three periods of year 1 (both 1999 and 2000). 
Seed in the later harvests (both 1998 and 1999) emerged in greater numbers during layby 
compared to the late period (both 1999 and 2000). 
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The patterns of emergence of the four Ames populations (C98, H98, J98, WO98) 
harvested at the latest times in 1998 (JW36, 40) were consistent with year 1 (1999) and year 
2 (2000) behavior of 1997 populations buried in either 1997 or 1998, but the earliest 
harvested seed (1998, JW32) indicated had a pattern not observed with the 1997 harvested 
populations: year 1 emergence was similar in all periods (Table 27). Seed collected in 1999 
from the four Ames giant foxtail populations emerged in the first year 1 (2000) in patterns 
somewhat differe~t than those harvested in 1997 and 1998 in their first year. A possible 
explanation why these patterns were variable and inconclusive may arise from the six 
different 1999 harvest dates. 
1998 populations in 1999 (year 1). Different patterns of seedling emergence of the four 
Ames populations (C98, H98, J98, WO98) harvested at three times in 1998 (JW32, 36, 40) in 
the different component periods (early, layby, late) of year 1 (1999) were observed. In 
general, seed harvested in the middle and late periods (JW36, 40) had greater emergence at 
the early and layby periods of 1999 compared to late, with similar emergence during the 
early and layby periods (Table 27). Unlike later harvested seed (JW36, 40), seedling 
emergence of early harvested seed (JW32) was similar in all 3 periods of 1999. 
In most instances seedling emergence from seed harvested early (1998, JW32) from 
all four populations was similar in the early, layby and late periods of 1999 at both nurseries. 
In most instances seedling emergence from seed from the middle harvest ( 1998, JW3 6) from 
all four populations was greater in the layby period compared to late, greater early compared 
to late, and similar in the early and layby periods in 1999 at both nurseries. In most instances 
seedling emergence from seed from the late harvest (1998, JW40) from all four populations 
was greater in the layby period compared to late, greater early compared to late, with no clear 
pattern among in the early and layby periods in 1999 at both nurseries. 
1998 populations in 2000 (year 2). In general, seedling emergence from all 1998 harvests 
was similar in the early and late periods of 2000 (year 2), while emergence of the early 1998 
seed (JW32) was similar in all three periods. No consistent pattern of emergence between 
layby and early, and layby and late, from middle and late harvested seed (JW36, 40) was 
observed. In 2000 (year 2) seedling emergence from seed from all 1998 harvests (JW32, 36, 
40) of the four Ames populations (C98, H98, J98, WO98) in the early period was similar to 
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Table 27. Giant foxtail mean seedling emergence per 95 cm2 in 1999 
by time period (year total, early, layby, late (see Table 15 for calendar 
dates)) for seed harvested (time of abscission) early (Julian week (JW) 
JW32), middle (JW36), late (JW40) in 1998 from several locations 
(see Table 2) and buried in seedbank nurseries in Ames and 
Crawfordsville, Iowa; 1 means with the same letters within a harvest 
date, within a population, and within a burial nursery location, 
between time ·periods of emergence are not significantly different at 
the 0.05% level. 
Harvest 
Date/ Burial 
Population 
Alias 
Early: JW32 
C98-32 
H98-32 
J98-32 
WO98-32 
C98-32 
H98-32 
J98-32 
WO98-32 
Middle: JW36 
C97-36 
C98-36 
C98-36up 
C98-36down 
H98-36 
J98-36 
WO98-36 
Nursery 
Location 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
Total 
30.3 
43.7 
17.0 
25.7 
10.0 
11 .3 
12.0 
11.7 
44.0 
45.7 
67.9 
14.3 
45.3 
39.0 
24.7 
Early 
11.0 A 1 
24.0 A 
2.7 B 
9.0 A 
3.3 A 
6.7 A 
3.7 A 
5.7 A 
20.7 A 
17.6 B 
26.7 A 
4.1 B 
25.0 A 
16.1 A 
13.0 A 
1999 
Layby 
13.3 A 
15.0 A 
10.7 A 
11.7 A 
5.0 A 
3.3 A,B 
7.0 A 
4.0 A 
19.3 A 
24.5 A 
31.0 A 
7.1 A 
17.7 A,B 
18.2 A 
11.0 A 
Late 
6.0 A 
4.7 A 
3.7 B 
5.0 A 
1.7 A 
1.3 B 
1.3 A 
2.0 A 
4.0 B 
6.0 C 
7.3 B 
3.5 B 
2.7 B 
4.7 B 
0.7 B 
Table 27. (continued) 
Harvest 
Date/ 
Population 
Alias 
Middle: JW36 
C97-36 
C98-36 
H98-36 
J98-36 
WO98-36 
Late: JW40 
C98-40 
H98-40 
J98-40 
WO98-40 
C98-40 
H98-40 
J98-40 
WO98-40 
Burial 
Nursery 
Location 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
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Total Early 
19.3 11.7 A 
27.2 11.1 A 
34.0 19.0 A 
16.2 7.6 A 
26.0 19.3 A 
36.0 19.0 A 
74.3 52.7 A 
60.7 33.3 A 
45.7 29.0 A 
53.3 30.7 A 
38.0 29.3 A 
37.0 23.3 A 
42.3 33.3 A 
1999 
Layby 
5.7 B 
14.1 A 
13.0 A 
8.0 A 
5.3 B 
14.7 A 
18.0 B 
22.3 A 
13.7 B 
21.0 A 
8.3 B 
12.7 B 
7.3 B 
Late 
2.0 B 
4.1 B 
2.0 B 
1.3 B 
1.3 B 
2.3 B 
3.7 B 
5.0 B 
3.0 C 
1.7 B 
0.3 C 
1.0 C 
1.7 B 
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that in the late period at both nurseries with two Crawfordsville exceptions (Table 28). In 
other periods of 2000 different, variable patterns of seedling emergence were observed from 
seed collected at the different 1998 seed harvests. 
In general, seed harvested early in the season (JW32) had emergence in the early 
period similar to that from layby, while layby emergence was similar to that of the late 
period, at both nurseries. In all instances seedling emergence from seed harvested early 
(1998, JW32) from all four populations was similar to that in the late period of 2000; and in 
most instances early was similar to layby, while layby was similar to late; in both nurseries. 
No clear pattern of seedling emergence between the early and layby, or between the layby 
and the late, periods in 2000 from seed gathered at the middle and late harvests (1998, JW36, 
40) was observed at either the Ames or Crawfordsville nurseries. 
1999 populations in 2000 (year 1). Seed collected in 1999 from the four Ames giant foxtail 
populations emerged in 2000 (year 1) patterns somewhat different than those harvested in 
1997 and 1998 in their first year. A possible explanation why these 2000 emergence patterns 
were variable and inconclusive may arise from the different harvest dates of the seed in 1999 
(JW32, 35, 36, 38, 41, 42). In general, seedling emergence in 2000 (year 1) from the earliest 
harvested seed (JW32, 35, 36) was similar in all three periods. In general, seedling 
emergence in 2000 from the latest harvested seed (JW41, 42) was greater during layby 
compared to late, while early and late emerging seed were similar. 
In 2000 (year I) seedling emergence from seed from most 1999 harvests (JW3 2, 
35/36, 41/42) of the four Ames populations (C99, H99, J99, WO99) in the early period was 
similar to that in the late period at both nurseries with exceptions (Table 25). Early 
emergence was similar to that during layby with exceptions in the earliest (JW32-36) 
harvested 1999 seed, but the relative differences between early and layby from later (JW3 8-
41) harvested seeds was variable and inconclusive. Layby was similar to late emergence in 
the earliest seed (JW32) harvested in 1999, but was variable with no conclusive pattern from 
seed harvested during JW35-38. The latest harvested seed (JW41/42) emerged in greater 
numbers during layby compared to late in 2000 at both nurseries with exceptions. 
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Table 28. Giant foxtail mean seedling emergence 95 cm2 in 2000 by 
time period (year total, early, layby, late (see Table 15 for calendar 
dates)) for seed harvested (time of abscission) early (Julian week (JW) 
JW32), middle (JW36), late (JW40) in 1998 from several locations 
( see Table 2) and buried in seed bank nurseries in Ames and 
Crawfordsville, Iowa; 1 means with the same letters within a harvest 
date, within a population, and within a burial nursery location, 
between time period of emergence, are not significantly different at 
the 0.05% level. 
Harvest 
Date/ 
Population 
Alias 
Early: JW32 
C98-32 
H98-32 
J98-32 
WO98-32 
C98-32 
H98-32 
J98-32 
WO98-32 
Middle: JW36 
C97-36 
C98-36 
C98-36up 
C98-36down 
H98-36 
J98-36 
WO98-36 
Burial 
Nursery 
Location 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
Ames 
Total 
15.3 
16.7 
17.7 
10.3 
18.3 
32.7 
15.0 
15.0 
10.3 
9.2 
11.7 
7.6 
13.3 
17.8 
8.0 
Early 
1.7 A1 
4.0 A 
1.3 A 
2.0 A 
1.0 B 
7.3 A 
1.7 A 
0.3 B 
1.3 A 
0.7 B 
1.0 A 
0.6 B 
2.7 A 
2.3 B 
0.3 A 
2000 
Layby 
7.3 A 
6.7 A 
5.3 A 
3.3 A 
13.7 A 
16.7 A 
8.7 A 
10.3 A 
6.3 A 
5.7 A 
5.6 A 
4.8 A 
7.7 A 
9.4 A 
5.7 A 
Late 
6.3 A 
6.0 A 
11.0 A 
5.0 A 
3.7 B 
8.7 A 
4.7 A 
4.3 A,B 
2.7 A 
2.8 B 
5.1 A 
2.2 A,B 
3.0 A 
6.0 A,B 
2.0 A 
Table 28. (continued) 
Harvest 
Date/ 
Population 
Alias 
Middle: JW36 
C97-36 
C98-36 
H98-36 
J98-36 
WO98-36 
Late: JW40 
C98-40 
H98-40 
J98-40 
WO98-40 
C98-40 
H98-40 
J98-40 
WO98-40 
Burial 
Nursery 
Location 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Ames 
Ames 
Ames 
Ames 
Crawfordsville 
Crawfordsville 
Crawfordsville 
Crawfordsville 
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Total 
16.7 
15.8 
29.3 
13.7 
19.3 
5.0 
13.3 
13.3 
9.7 
18.0 
14.7 
21.3 
13.3 
Early 
1.7 A 
0.9 8 
12.0 A 
3.4 8 
7.3 A 
1.7 A 
1.7 A 
3.7 A 
1.0 A 
2.0 8 
6.7 A 
4.3 B 
2.7 A 
2000 
Layby 
10.7 A 
12.4 A 
13.7 A 
7.8 A 
10.7 A 
2.0 A 
7.0 A 
6.3 A 
5.0 A 
14.0 A 
5.7 A 
14.3 A 
7.3 A 
Late 
4.3 A 
2.5 8 
3.7 8 
2.4 8 
1.3 8 
1.3 A 
4.7 A 
3.3 A 
3.7 A 
2.0 8 
2.3 A 
2.7 B 
3.3 A 
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Giant foxtail populations: Crawfordsville. In general, seed from the early harvest in 1999 . 
(JW32) of the two Crawfordsville populations (B99, K99) emerged in equal numbers in the 
three periods of 2000 (year 1) {Table 25). The latest harvested seed (JW40) emerged in 
greater numbers in the early period compared to the late period in 2000 (year 1). 
Both these emergence patterns are consistent with results from other populations and 
nurseries harvested in 1997-1998. Seed harvested middle intermediate and more variable, 
In most instances 2000 (year 1) seedling emergence from 1999 seed from early 1999 
harvest (JW32) of the two Crawfordsville populations was similar in the early, layby and late 
periods at both nurseries {Table 25). Those seed harvested late (JW40) of both 
Crawfordsville populations in 1999 had greater emergence early in 2000 compared to that 
late. Seedling emergence of seed from the middle harvest 1999 of both populations in 2000 
was similar early and late at Ames, but other period comparisons it was difficult to discern a 
consistent pattern. 
Emergence Periodicity: Life History Time 
qiant, green and yellow foxtail populations gathered from the same location and time 
of the year, but in different years, were surprisingly consistent in terms of subsequent 
seedling emergence when grown at different nurseries in Iowa. Patterns of green foxtail 
seedling emergence were the same in every period they were observed, despite the fact they 
were grown in the different environments of two different years. Yellow and giant foxtails 
were also consistent, but each had some few periods with different seedling emergence 
(Tables 29 and 30). 
Giant foxtail. In general two giant foxtail populations gathered at two different seasonal 
times, in two different years, had similar seedling emergence within a population in most of 
the time periods measured in the burial and first year, with fewer exceptions observed with 
those harvested in Julian week 32 compared to 36. These two populations were chosen due 
to their consistent harvest dates across the two years. Giant foxtail seeds gathered from the 
Hinds Farm in week 3 2 of 1998 and 1999 was similar in each of the periods measured from 
the burial year to year 1 at both nurseries, with the exception that emergence ofH98-32 from 
Ames was generally greater than that from Crawfordsville in the late period of year 1 (Table 
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Table 29. Giant foxtail mean seedling emergence per 95 cm2 at several time 
periods (year total, early, layby, late (see Table 15), and cumulative total for 
year 0-1) with time after burial from burial year (year 0) through first year after 
burial (year 1 ) from seed harvested and buried at different times in 1998 and 
1999 (H98-32, H98-36, WO98-32, WO98-36, H99-32, H99-36 WO99-32, 
WO99-36) at two seedbank nurseries (Ames, Crawfordsville, Iowa); 1 means 
with the same letter within a population and harvest time ( JW; time of 
abscission), within time of emergence period or cumulative total, between 
burial years, between burial harvest locations are not significantly different at 
the 0.05% level. 
Burial 
Population Burial Nursery Yearo 
Alias Year Location Total 
H98-32 1998 Ames 0.3 A 
H99-32 1999 Ames 0.0 A 
H98-32 1998 Crawfordsville 0.0 A 
H99-32 1999 Crawfordsville 0.0 A 
H98-36 1998 Ames 0.0 A 
H99-36 1999 Am'es 0.3 A 
H98-36 1998 Crawfordsville 0.0 A 
H99-36 1999 Crawfordsville 1.0 A 
W098-32 1998 Ames 1.7 A 
W099-32 1999 Ames 0.0 A 
W098-32 1998 Crawfordsville 0.0 A 
W099-32 1999 Crawfordsville 0.0 A 
W098-36 1998 Ames 0.7 A 
W099-36 1999 Ames 0.3 A 
W098-36 1998 Crawfordsville 0.7 A 
W099-36 1999 Crawfordsville 0.0 A 
Year After Burial 
Year1 
Total Early Layby 
43.7 A1 24.0 A 15.0 A 
16.0 A 0.7 A 8.7 A 
11 .3 A 6.7 A 3.3 A 
35.7 A 18.3 A 14.7 A 
45.3 A 25.0 A 17.7 A 
13.3 B 1.7 A 10.0 A 
34.0 A,B 19.0 A 13.0 A 
42.3 A 26.7 A 15.0 A 
25.7 A 9.0 A 11 .7 A 
10.3 A 1.7 A 5.7 A 
11.7 A 5.7 A 4.0 A 
30.7 A 9.0 A 16.0 A 
24.7 B 13.0 A 11 .0 A 
29.0 B 4.0 A 16.7 A 
26.0 B 19.3 A 5.3 A 
57.3 A 33.7 A 19.7 A 
Late 
4.7 A,B 
6.7 A 
1.3 B 
2.7 A,B 
2.7 A 
1.7 A 
2.0 A 
0.7 A 
5.0 A 
3.0 A 
2.0 A 
5.7 A 
0.7 B 
8.3 A 
1.3 B 
4.0 A,B 
Cumulative 
Total 
Year O-Year1 
44.0 A 
16.0 A 
11.3 A 
35.7 A 
45.3 A 
13.7 B 
34.0 A,B 
43.3 A 
27.4 A 
10.3 A 
11.7 A 
30.7 A 
25.4 A 
29.3 A 
26.7 A 
57.3 A 
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Table 30. Green and yellow foxtail mean seedling emergence per 95 cm2 at 
several time periods (year total, early, layby, late (see Table 15), and 
cumulative total for year 0-1 ) with time after burial from burial year (year 0) 
through first year after burial (year 1 ) from seed harvested and buried at 
different times in 1998 and 1999 (Green98-39, Yellow98-39, Green99-38, 
Yellow99-38) at two seedbank nurseries (Ames, Crawfordsville, Iowa); 
1 means with the same letter within a population ( spp. ); between burial years, 
between burial nursery locations are not significantly different at the 0.05% 
level. 
Burial 
Population Burial Nursery Yearo 
Alias Year Location Total 
Green98-39 1998 Ames 0.0 A 
Green99-38 1999 Ames 0.0 A 
Green98-39 1998 Crawfordsville 0.0 A 
Green99-38 1999 Crawfordsville 0.7 A 
Yellow98-39 1998 Ames o.o A 
Yellow99-38 1999 Ames o.o A 
Yellow98-39 1998 Crawfordsville o.o A 
Yellow99-38 1999 Crawfordsville o.o A 
Year After Burial 
Year1 
Total Earl~ La~b:£ 
36.7 A1 10.3 A 18.7 A 
17.0 A 0.0 A 13.0 A 
21.3 A 8.0 A 11.0 A 
24.0 A 12.7 A 10.3 A 
60.7 A 23.0 A 33.0 A 
17.7A 0.0C 11.7A 
44.3 A 19.0 A,B 24.3 A 
37.3 A 5.7 B,C 31.3 A 
Late 
7.7 A 
4.0 A 
2.3 A 
1.0 A 
4.7 A 
6.0 A 
1.0 A 
0.3 A 
Cumulative 
Total 
Year0-Year1 
36.7 A 
17.0 A 
21.3 A 
24.7 A 
60.7 A 
17.7 A 
44.3 A 
37.3 A 
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26). WO98-32 and WO99-32 seedling emergence was similar in all periods from year 0-1 at 
both nurseries. H98-36 and H99-36 seedling emergence was similar in the burial year and 
the three component periods of year 1 (early, layby, late), but were not the same in the year 1 
total or year 0-1 cumulative total. WO98-36 and WO99-36 seedling emergence was similar 
in the burial year, year 1 early and layby, and the year 0-1 cumulative total; but differed in 
the year 1 total (Crawfordsville in 1999 differences) and the year 1 late period (Ames 1999 
differences). 
Green and yellow foxtails. In general green and yellow foxtail seed gathered at the same 
location and time of year in 1998 and 1999 had similar seedling emergence within a species 
over time, regardless of the year or burial nursery it was buried in, with one exception due to 
the early period of 1999 for yellow foxtail (Table 30). Green foxtail (Green98-39, Green 99-
3 8) seedling germination was similar in all periods in which is was observed from burial year 
(1998, 1999) through year 1, as well as the burial year through cumulative emergence, at 
both nurseries. 
Environment: Seed Burial Depth 
Greater seedling emergence of one giant foxtail population arose from seed placed at 0-5 
cm depth that those at greater depths in year 1 for those seed buried in both 1999 and 2000. 
This effect was primarily due to the contribution of year of those emerging either early, 
during layby (1999) or during layby (2000). At other times (burial year, late in year 1, year 
2) seedling emergence was similar regardless of where in the top 10 cm of soil seed was 
placed. 
Curtiss 1998 (JW36). In general, greater seedling emergence occurred with C98-36 seeds 
buried at shallower depths than those buried deeper in the first half of 1999 (year 1) (Table 
20). Before (1998, burial year) and a~er (late 1999, year 1 through 2000, year 2) that time 
emergence was similar _among the burial depths (0-10 cm, C98-36; 0-5 cm, C98-36 up; 5-10 
cm, C98-36 down). Seedling emergence of C98-36 was greater from shallow soil depths (0-
5 cm; C98-36 up) than it was from deeper (5-10 cm; C98-36 down) for the early, layby and 
total time periods of 1999 (year 1 ). Seedling emergence of C98-36 was greater from shallow 
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soil depths (0-5 cm; C98-36 up) than it was from the same population distributed throughout 
the top 10 cm of soil (0-10 cm; C98-36) for the 1999 total period (year 1). 
Curtiss 1999 (JW36). In general, greater seedling emergence occurred with C99-36 seeds 
buried at shallower depth than those buried deeper at layby of 2000 (year 1) (Table 14). 
Before (1999, burial year; early 2000, year 1) and after (late 2000, year 1) that time 
emergence was similar among the burial depths (0-10 cm, C99-36; 0-5 cm, C99-36 up; 5-10 
cm, C99-36 down). Seedling emergence of C99-36 was greater from shallow soil depths (0-
5 cm; C99-36 up) than it was from deeper (5-10 cm; C99-36 down) during the layby and 
total time periods of 2000 (year 1 ). 
Environment: Shade 
In general there were no differences in seedling emergence of WX:98 harvested from 
areas in full sunlight (WX98-L) compared to those gathered from shaded parts of the same 
field from 1998-2000 (burial year-year 2), with several exceptions (Table 13). The 
exceptions to this generalization occurred primarily with seed from the later harvest (WX98-
39). Seedling emergence of WX98-39-L grown in the full sunlight was greater than that 
from the shaded area (WX98-39-S) in the burial year (1998) at both locations, and in the total 
and early periods of 1999 (year 2) at Crawfordsville. There was no difference in seedling 
emergence of WX:98-34 harvested from full sunlight and shaded parts of the same field, 
except at Ames, late 2000 (year 2). 
DISCUSSION 
Primary Dormancy at Seed Abscission 
The effects of after-ripening on recently abscised seed revealed the amount of 
primary dormancy a foxtail population possessed when it separated from its parent plant as 
part of the annual seed rain. Yellow foxtail seed was more ·dormant than that of either green 
or giant foxtail. Significant differences and variability existed among the many giant foxtail 
populations observed. In general giant foxtail seed collected in 1999 was more dormant than 
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that from 1998, and 1998 was more dormant than that from 1997. This pattern of seasonal 
differences in primary dormancy was more complex and variable when individual 
populations, from different times of abscission and locations were evaluated. In general seed 
abscising early in the season was more dormant that seed maturing later. Shading during 
seed development resulted in more dormant seed from seed harvested early, but this effect of 
shade disappeared in seed maturing later in the season. 
Seedling Emergence Subsequent to Seed Abscission 
Foxtail plants give birth to seeds with a considerable amount of dormancy 
heterogeneity (see also Haar, 1998). Each of these individual seeds with differing amounts of 
primary dormancy is poised to germinate and emerge from the soil as seedlings when their 
after-ripening requirements are met. The patterns of seedling emergence these diverse 
dormancy phenotypes produce are very complex, but with a surprising consistency 
considering the high variability of primary dormancy they possess, not to mention the 
experimental difficulty in discovering these patterns. 
The particular emergence pattern of this heterogeneous seed is the hedging bets 
strategy for reproductive success of individuals arising in that year (Cohen, 1966; Philippi 
and Seger, 1989). The foxtails possess a complex and varied hedging bets strategy of 
seedling emergence temporally scaled from days to years following entry into the soil 
seedbank. 
Green foxtail seeds emerged in equal numbers in the three component periods of the 
year in both the first and second years after burial. Yellow foxtail seed emerged in greater 
numbers during the layby period compared to the late period in both their first and second 
years after burial. 
Giant foxtail seed showed a more complex and variable pattern of seedling 
emergence due to the greater number of populations and harvest times observed. The pattern 
of seedling emergence was different in each year after burial, and the pattern within a year 
could also vary depending on when in the year the seed was harvested (early, middle, late 
abscission dates, see Figure 3). Giant foxtail seed emerged in low numbers soon after burial 
(burial year). In general, the first year after burial seed emerged in greater numbers in the 
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RELATIVE SEEDLING EMERGENCE 
(BY PERIOD WITHIN A YEAR) 
Figure 3. Schematic model of giant foxtail seedling emergence patterns from burial year 
(year 0) through year 3 after burial and by period within year (E, early; LB, layby; LT, late; 
see Table 15) from seed harvested (time of abscission) in early, middle, or late part of the 
year (see Table2). 
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early part of the season compared to the late period. But, this pattern of decreasing seedling 
emergence in year I was usually true for seed harvested in the later harvests but not for the 
seed harvested in the early period. The seed from the earliest harvests emerged in similar 
numbers in the early, layby and late periods of that first year after burial. In general, 
seedlings emerge in year 2 after burial was similar in the early, layby and late periods. 
Seedling emergence of seed in year 3 after burial was greater in the layby period compared to 
that emerging earlier and later. 
There may be four different strategies · of seedling emergence for giant foxtail from 
burial through year 3 after burial, which are schematically presented in Figure 3. The first is 
low numbers emerging late in the burial year. The second strategy of giant foxtail seedling 
emergence may then be to emerge in greater numbers during the early period of the first year 
(for the middle and late season harvested seed). The third strategy may be to emerge equally 
in the early7 layby and late periods of the second year (which is also the strategy of the early 
harvested seed emerging in year 1 ). The last strategy might be to emerge predominately in 
the critical layby period in the third year. 
Seed from a particular location appear to produce seed dormancy phenotypes that 
possess the ability to emerge in a similar pattern regardless of the year or location they are 
subsequently grown in, evidence for heritable local adaptation by a population. Giant, green 
and yellow foxtail seed gathered from the same location and time of year (but grown in 
different years and locations) emerged in similar patterns, despite the fact they were grown in 
the different seasonal environments of different years 
The effect of giant foxtail seed burial depth appears to be most evident in the first 
year, when seed located closer to the surface behave differently than more deeply buried 
seed. Giant foxtail seed buried at shallow soil depths (0-5 cm) emerge in greater numbers in 
year one during layby compared to seed buried deeper (5-10 cm). This is an important shift 
in the year one emergence strategy, which normally emerges, in greater numbers early in the 
season. 
The effect of shade during embryogenesis on seedling emergence depends on when in 
the season the seed developed. Seed maturing late in the season in the shade had greater 
73 
seedling emergence soon after burial (burial year, early in year I) compared to similar seed 
grown in full sunlight. This difference in seedling emergence between seed that matured in 
shade and full sun disappeared in subsequent emergence periods (layby, year I and 
thereafter). 
The proportion of the seedbank that emerged each year, and in each period of a year, 
varied considerably with foxtail species, population, time of harvest (year, time within year) 
and burial nursery, preventing any broad quantitative predictions of emergence behavior. 
Seed storage at -20° C for one year had a similar pattern of seedling emergence to that 
of seed buried immediately after harvest. 
Relationship Between Primary Dormancy and Seedling Emergence 
Correlating foxtail primary dormancy at abscission with subsequent seedling 
emergence requires knowledge of the environmental signal that interacts with the inherent 
dormancy of the state leading to seed germination and emergence from the soil seedbank, an 
analysis beyond the scope of this thesis, but a work in progress (Dekker et al., 2001). 
Despite these limitations, some qualitative clues are provided by the research in this thesis. 
The consistent seedling emergence behavior of giant, green and yellow foxtail 
populations harvested from the same location and time of year, but grown in different years 
and nurseries, provides evidence that seed dormancy regulation of the complex germination 
and emergence patterns has a greater influence than does environmental variability (Table 
29, 30). 
The consistent seedling emergence behavior from giant foxtail seed buried 
immediately, as well as being stored at -20° C for one year, also argues for dormancy state 
heterogeneity of a population leading to predictable patterns of emergence in different 
environments (nurseries, years) (Table 16). 
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Appendix A. Julian week annual calendar by month, calendar days, Julian 
days, Julian week. 
Month Days Julian Julian 
date week 
January 1.1-1 .7 1 through 7 1 
1.8 - 1.14 8 through 15 2 
1.15-1 .21 15 through 21 3 
1.22-1.28 22 through 28 4 
1.29-2.4 29 through 35 5 
February 2.5-2.11 36 through 42 6 
2.12- 2.18 43 through 49 7 
2.19- 2.25 50 through 56 8 
2.26-3.4 57 through 63 9 
March 3.5 - 3.11 64 through 70 10 
3.12- 3.18 71 through 77 11 
3,19-3.25 78 through 84 12 
3.26- 4.1 85 through 91 13 
April 4.2-4.8 92 through 98 14 
4.9-4.15 99 through 105 15 
4.16-4.22 106 through 112 16 
4.23-4.29 113 through 119 17 
4.30-5.6 120 through 126 18 
May 5.7 - 5.13 .127 through 133 19 
5.14-5.20 134 through 140 20 
5.21 -5.27 141 through 147 21 
5.28-6.3 148 through 154 22 
June 6.4 - 6.10 155 through 161 23 
6.11 - 6.17 162 through 168 24 
6.18-6.24 169 through 175 25 
6.25 - 7.1 176 through 182 26 
July 7.2- 7.8 183 through 189 27 
7.9- 7.15 190 through 196 28 
7.16- 7.22 197 through 203 29 
7.23- 7.29 204 through 21 0 30 
7.30-8.5 211 through 217 31 
August 8.6- 8.12 218 through 224 32 
8.13- 8.19 225 through 231 33 
8.20-8.26 232 through 238 34 
8.27 -9.2 239 through 245 35 
September 9.3-9.9 246 through 252 36 
9.10- 9.16 253 through 259 37 
9.17 -9.23 260 through 266 38 
9.24-9.30 267 through 273 39 
October 10.1 -10.7 27 4 through 280 40 
10.8 -10.14 281 through 287 41 
10.15-10.21 288 through 294 42 
10.22 - 10.28 295 through 301 43 
10.29-11.4 302 through 308 44 
November 11.5 - 11 .11 309 through 315 45 
11 .12-11 .18 316 through 322 46 
11 . 19 - 11 .25 323 through 329 47 
11 .26- 12.2 330 through 336 48 
December 12.3 -12.9 337 through 343 49 
12.10-12.16 344 through 350 50 
12.17 -12.23 351 through 357 51 
12.24 - 12.30 358 through 364 52 
12.31 365 53 
Appendix B. Daily average precipitation (cm). Data collected at the ISU Agronomy Research Farm near Ames, Iowa, 
during the year 1998. 
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Appendix B. (continued) Daily average precipitation (cm). Data collected at the ISU Agronomy Research Farm near 
Ames, lowa,during the year 1999. 
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Appendix B. (continued) Daily average precipitation (cm). Data collected at the ISU Agronomy Research Farm near 
Ames, Iowa, during the year 2000. 
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Appendix B. (continued) Daily average precipitation (cm). Data collected at Columbus Junction near Crawfordsville, 
Iowa, during the year 1998. 
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Appendix B. (continued) Daily average precipitation (cm). Data collected at Columbus Junction near Crawfordsville, 
Iowa, during the year 1999. 
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Appendix 8. (continued) Daily average precipitation (cm). Data collected at Columbus Junction near Crawfordsville, 
Iowa, during the year 2000. 
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Appendix C. Daily average soil temperature (°C) at 1 O cm depth. Data collected at the ISU Agronomy Research 
Farm near Ames, Iowa, during the year 1998. 
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Appendix C. (continued) Daily average soil temperature (°C) at 10 cm depth. Data collected at the ISU Agronomy 
Research Farm near Ames, Iowa, during the year 1999. 
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Appendix C. (continued) Daily average soil temperature (°C) at 10 cm depth. Data collected at the ISU Agronomy 
Research Farm near Ames, Iowa, during the year 2000. 
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Appendix C. (continued) Daily average soil temperature (°C) at 10 cm depth. Data collected at the S. E. Research 
Station near Crawfordsville, Iowa, during the year 1998. 
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Appendix C. (continued) Daily average soil temperature (°C) at 1 O cm depth. Data collected at the S. E. Research 
Station near Crawfordsville. Iowa. durina the vear 1999. 
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Appendix C. (continued) Daily average soil temperature (°C) at 10 cm depth. Data collected at the S. E. Research 
Station near Crawfordsville, Iowa, during the year 2000. 
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Appendix D. Mean% seed germination with SE vs. After-ripening time for 
seeds harvested in 1997, 1998, and 1999 at the Curtiss farm seed collection 
location. 
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11 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 Q) 
(!) 
'C 100...-------------------. 108...--------------------, 
Q) 
80 
C98-36 
80 
C99-38 60 60 
40 
20 .-------, 
I + S.E. (+/-) I S.E. (+/-) I 
11 0 3 6 9 12 15 18 21 24 27 30 33 38 39 42 45 
100 100...--------------------, 
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60 
40 
20 
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80 
60 
20 
I ! S.E. (+/-) I 0 
2 5 11 
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Appendix D. (continued) Seeds harvested in 1998 and 1999 at the Hinds farm 
collection location. 
100 100 
80 80 
60 H98-32 60 H99-32 
I ! S.E. (+/-} I 
40 40 
20 20 
I ! S.E. (+/-) I 0 
11 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 
- 100 100 
0 -C 80 80 
0 H98-36 H99-36 ;; 60 60 as 
C -~ 40 40 
Q) 
(!) 20 20 
'C 
I ' 
S.E. (+/-} I 1, S.E. (+/-) I Q) 0 Q) 0 Cl) 
11 0 3 6 9 12 15 V 30 " 36 45 
100 100 
80 80 
60 H98-40 60 H99-41 
40 40 
20 20 
I ' 
S.E. (+/-) I 0 I ! S.E. (+/-) I 
11 
After-ripening (weeks) After-ripening (days) 
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Appendix D. ( continued) Seeds harvested in 1998 and 1999 at the Johnson farm 
collection location. 
100 180 
80 80 
60 J98-32 68 J99-35 
I ! S.E. (+/-) I 
48 40 
28 20 
1, S.E. (+/-) I 0 
1t 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 
- 100 100 
0 - 80 C: 88 
0 J98-36 .:: 60 60 a, J99-38 
I ! S.E. (+/-) I 
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(!) 20 20 
"O 
I ' 
S.E. (+/-) I Q) CD 0 
(/) 
11 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 
108 100 
80 80 
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Appendix D. ( continued) Seeds harvested in 1998 and 1999 at the Whiteoak 
Drive collection location. 
100-r----------------, 100 ...------------------. 
60 
48 
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i 0 
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0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 
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60 
40 
20 
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Appendix D. ( continued) Seeds harvested in 1999 at the S. E. Research 
Station Sites 1 and 2 collection locations. 
108 100 
80 80 I ' 
S.E. (+/-) I 
899-32 K99-32 
60 80 
40 
48 
20 
20 
S.E. (+/-) I 0 
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"C 20 
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40 
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40 
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Appendix D. ( continued) Seeds harvested in 1998 and 1999 at the Curtiss farm 
collection location. These are the Green and Yellow species. 
100 
80 
60 
40 
20 -'?ft 0 -C: 
0 :;:; 
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C: -~ 
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C) 
°i 100 
Q) 
en 80 
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40 
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...-------------------.100...-------------~ 
Y ellow98-39 
1, S.E. (+/-) I 80 
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I ! S.E. (+/-) I 
11 
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40 
20 
0 • • • • • • • • • • • • • • • • 
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 
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Appendix D. ( continued) Seeds harvested in 1997 at the Oakwood Drive 
collection location. 
-::R e.... 
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Appendix D. (continued) Seeds harvested in 1998 at the Wessex Road 
collection location. 
-
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Appendix E. FL98 AR: Mean days after-ripening/SE required to attain a 
germination level (within 10, 25, 50, 75% ); comparison between harvest times 
(E, M,L) within a location source. 1 only one replication reached 75% germination 
so a SE could not be comeuted. 
Location Source/ 
Population AR Time (days) 
Alias 10% 25% 50% 75% 
Coconino 
Coco98-34 23.7 (3.0) A 31.9 (2.5) A 41.1 (1.6) A 51.7 (3.8) A 
Coco98-40 13.2 (2.2) B 17.9 (1.6) B 25.7 (0.9) B 36.2 (3.7) B 
Curtiss 
C98-32 31.7 (2.9) A 38.2 (0.7) A 44.4 (0.7) A 50.8 (1.7) A 
C98-36 12.6(1.4) B 22.8 (1.6) B 37.2 (1.6) A 46.5 (0.4) A 
C98-40 3.6 (1.1) B 9.6 (1.8) C 18.1 (1.8) B 27.8 (1.5) B 
Hinds 
H98-32 19.5(1.4) A 27.6 (2.3) A 37.0 (1.6) A 44.4 (0.9) A 
H98-36 9.7 (1.6) B 17.0 (0.8) B,C 24.5 (0.9) B 32.1 (0.9) C 
H98-40 5.8 (1.1) B 13.4 (2.0) C 24.0 (3.4) B 33.3 (3.1) B,C 
HH98-34 17.1 (0.1) A 21.7 (0.4) B 29.3 (0.7) B 41.5 (3.3) A,B 
Johnson 
J98-32 26.7 (2.6) A 36.6 (0.8) A 42.8 (0.6) A 49.7 (1.0) A 
J98-36 12.5 (2.5) B 19.7 (2.1) B 31.9 (1.9) B 42.0 (1.5) A,B 
J98-40 16.7 (3.3) B 21.2 (0.4) B 28.7 (0.6) B 37.7 (1.1) B 
Wessex 
WXL98-34 16.9 (0.3) B 21.9 (0.4) B 30.2 (0.8) B 47.3 (2.9) B 
WXS98-34 30.2 (2.7) A 43.6 (2.3) A 58.2 (3.2) A 74.1 (0.6) A 
WXL98-39 5.5 (1.2) C 12.2 (1.8) C 19.9(1.6) C 29.0 (0.5) C 
WXS98-39 3.0 (0.2) C 8.4 (0.8) C 17.2 (1.5) C 28.4 (1.4) C 
Whiteoak 
WO98-32 27.4 (3.6) A 38.3 (3.6) A 56.9 (6.8) A 73.0 1 A 
WO98-36 15.7 (0.7) B 22.7 (0.6) B 34.4 (1.1) B 51.9 (4.6) B 
WO98-40 8.4 {2.4} B 15.1 {1.8} B 23.8 {1.0} C 33.5 {1.3} C 
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Appendix F. FL98 AR: mean days after-ripening/SE required to attain a 
germination% level (within10, 25, 50, 75%); comparison between 
populations, within a harvest date (E, M, L). 1 The Yellow population did not 
reach 75% germination but the seeds were viable in 1998. 2 only one 
replication reached this germination level so a standard error could not be 
computed. 
Harvest Date/ 
Population Alias 
Early :JW32 
C98-32 
H98-32 
J98-32 
WO98-32 
Early :JW34 
Coco98-34 
HH98-34 
WX98-34-L 
WX98-34-S 
Middle :JW36 
C98-36 
H98-36 
J98-36 
WO98-36 
Late :JW39/40 
C98-40 
Coco98-40 
Green98-39 
H98-40 
J98-40 
WO98-40 
WX98-39-L 
WX98-39-S 
Yellow98-39 
10% 
31.7 {2.9) A 
19.5 (1.4) B 
26.7 (2.6) A,B 
27 .4 (3.6) A,B 
23. 7 (3.0) A,B 
17.1 (0.1) B 
16.9 (0.3) B 
30.2 (2.7) A 
12.6 (1.4) A 
9.7 (1.6) A,B 
12.5 (2.5) A 
15.7 (0.7) A 
3.6 (1.1) C 
13.2 (2.2) B 
10.8 (1.8) C 
5.8 (1.1) C 
16.7 (3.3) B 
8.4 (2.4) C 
5.5 (1.2) C 
3.0 (0.2) C 
65.5 (0.8) A 
AR Time (days) 
25% 50% 
38.2 {0.7) A 
27.6 (2.3) B 
36.6 (0.8) A 
38.3 (3.6) A 
31.9 (2.5) B 
21.7 (0.4) C 
21.9 (0.4) C 
43.6 (2.3) A 
22.8 (1.6) A 
17.0 (0.8) A 
19.7 (2.1) A 
22.7 (0.6) A 
9.6 (1.8) D,E 
17.9 (1.6) B,C 
18.0 (1.1) B,C 
13.4 (2.0) C,D 
21.2 (0.4) B 
15.1 (1.8) C,D 
12.2 (1.8) C,D 
8.4 (0.8) E 
72.8 (1.6) A 
44.4 {0.7) B 
37.0 (1.6) B 
42.8 (0.6) B 
56.9 (6.8) A 
41.1 (1.6) B 
29.3 (0.7) C 
30.2 (0.8) C 
58.2 (3.2) A 
37.2 (1.6) A 
24.5 (0.9) C,D 
31.9 (1.9) A,B 
34.4 (1.1) A,B 
18.2 (1.8) C 
25.7 (0.9) B,C 
27.8 (0.8) B 
24.0 (3.4) B,C 
28.7 (0.6) B 
23.8 (1.0) B,C 
19.9 (1.6) B,C 
17.1 (1.5) C 
77.0 2 A 
75% 
50.8 (1.7) B 
44.4 (0.9) B 
49.7 (1.0) B 
73.0 2 A 
51.7 (3.8) B 
33.3 (3.1) B 
47.3 (2.9) B 
74.1 (0.6) A 
46.5 (0.4) A,B,C 
32.1 (0.9) B,C 
42.0 (1.5) A,B,C 
51.9 (4.6) A 
27.8 (1.5) C 
36.2 (3.7) A,B,C 
44.1 (2.6) A 
33.3 (3.1) B,C 
37.7 (1.1) A,B 
33.4 (1.3) B,C 
29.0 (0.5) C 
28.3 (1.4) C 
1 
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Appendix G. FL99 AR: mean days after-ripening/SE required to attain a 
germination% level (within 10, 25, 50, 75 %); comparison between populations, 
within a harvest date (E, M,L). 1 The population did not reach this germination 
level but was viable in 1999. 2 only one replication reached this germination level 
so a standard error was not computed. 
Harvest Date 
Population Alias 
Early: JW 32 
899-32 
H99-32 
K99-32 
WO99-32 
10% 
21.8 (1.4) D 
27.1 (1.7) B,C 
31.5 (0.5) A,B 
32.3 (1.5) A 
Middle: JW35/36 
899-36 15.2 (1.4) A 
C99-35 24.5 (0.9) C,D 
H99-36 8.5 (1.1) B,C 
J99-35 25.5 (0.9) C,D 
K99-36 19.9 (1.6) A 
WO99-36 16.7 (1.0) A 
Middle: JW38 
C99-38 
Green99-38 
J99-38 
Yellow99-38 
5.7 (1.1) C 
6.0 (1.4) C 
14.1 (2.6) A,B 
Late: JW 40/41/42 
899-40 3.5 (1.2) A,B 
C99-42 2.4 (0.4) A,B 
H99-41 0.6 (0.2) B 
J99-42 4.8 (1.2) A 
K99-40 2.1 (0.4) A,B 
WO99-42 1.1 (0.6) B 
AR Time (days) 
25% 50% 
26.0 (0.4) C 
37.2 (1.9) A,B 
37 .1 (1 .1) A, B 
39.6 (0.9) A 
22.2 (1.0) B,C 
32.3 (1.6) B 
13.8 (1.5) D 
33.8 (2.0) A,B 
28.8 (0.8) A 
27.9 (1.2) A,8 
15.2 (2.2) D 
16.9 (1.3) C,D 
29.0 (2.0) A 
8.4 (1.4) A 
10.8 (2.0) A 
1.7 (0.5) A 
9.7 (2.6) A 
8.5 (2.0) A 
5.2 (3.5) A 
36.8 (2.2) A 
39.0 2 A 
43.0 (0.6) A 
45.0 (0.0) A 
30.0 (1.5) A,B,C 
42.0 (1.8) A 
22.7 (1.3) C 
40.8 (0.6) A 
38.2 (1.0) A 
38.3 (2.0) A 
27.8 (3.0) B,C 
31.1 (2.5) A,B 
35.3 (1.3) A,B 
14.8 (2.0) A,8 
21.7 (3.4) A,B 
7.1 (1.9) B 
25.2 (3.1) A 
17.4 (1.0) A,B 
12.7 (7.1) A,B 
75% 
39.3 (3.2) A 
44.4 (0.4) A 
1 
38.7 (2.1) A,B 
1 
29.6 (2.0) B 
1 
42.3 (0.7) A 
42.5 2 A 
35.4 (2.0) A,B 
39.6 (1.9) A,8 
42.0 2 A 
21.9 (2.6) A,B 
32.8 (5.3) A 
15.3 (3.5) 8 
29.6 (1.7) A 
24.4 (1.4) A,B 
22.1 (2.6) A,B 
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Appendix H. FL99 AR: mean days after-ripening/SE required to attain a 
germination % level (within 10, 25, 50, 75% ); comparison between harvest 
dates (E,M,L) within each location source. 1 the population did not reach this 
germination level but was viable in 1999. only one replication reached this 
germination level so a standard error was not computed. 
Location Source/ AR Time (days) 
Population Alias 10% 25% 50% 75% 
Curtiss 
C99-35 24.5 (0.9) A 32.3 (1.6) A 42.0 (1.8) A 
C99-38 5.7(1.1) B 15.2 (2.2) B 27.8 (3.0) A 35.4 (2.0) A 
C99-42 2.4 (0.4) B 10.8 (2.0) B 21.7 (3.4) A 32.8 (5.3) A 
Hinds 
H99-32 27.1 (1.7) A 37.2 (1.9) A 39.0 2 A 
H99-36 8.5 (1.1) B 13.8 (1.5) B 22.7 (1.3) B 29.6 (2.0) A 
H99-41 0.6 (0.2) C 1.7 (0.5) C 7.1 (1.9) C 15.3 (3.5) B 
Johnson 
J99-35 25.5 (0.9) A 33.8 (2.0) A 40.8 (0.6) A 
J99-38 14.1 (2.6) B 29.0 (2.0) A 35.3 (1.3) A 42.0 2 A 
J99-42 4.8 (1.2) C 9.7 (2.6) B 25.2 (3.1) A 29.6 (1.7) B 
S.E. Research Station, 
Site#1 
899-32 21.8 (1.4) A 26.0 (0.4) A 36.8 (2.2) A 39.3 (3.2) A 
899-36 15.2 (1.4) B 22.2 (1.0) A 30.0 (1.5) A 38.7 (2.1) A 
899-40 3.5 (1.2) C 8.4 (1.4) B 14.8 (2.0) B 21.9 (2.6) B 
S.E. Research Station, 
Site#2 
K99-32 31.5 (0.5) A 37.1 (1.1) A 43.0 (0.6) A 44.4 (0.4) A 
K99-36 19.9 (1.6) B 28.8 (0.8) B 38.2 (1.0) A 42.3 (0.7) A 
K99-40 2.1 (0.4) C 8.5 (2.0) C 17.4 (1.0) B 24.4 (1.4) B 
Whiteoak 
WO99-32 32.3 (1.5) A 39.6 (0.9) A 45.0 (0.0) A 
WO99-36 16.7 (1.0) B 27.9 (1.2) B 38.3 (2.0) A 42.5 2 A 
WO99-42 1.1 (0.6) C 5.2 (3.5) C 12.7 (7.1) B 22.1 (2.6) B 
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Appendix I. FL97 AR: mean days after-ripening/SE required to attain a 
germination% level (within 10, 25, 50, 75 %); comparison between 
populations and harvest dates. 1 same letters not different within a 
column; poplation. 2 population did not reach the 75% germination level 
though the seeds were viable in 1998. 
Population 
Alias AR Time (days) 
10% 25% 50% 75% 
Curtiss 97 
C97-36 10.2 (2.5) A 16.8 (2.2) B 30.2 (2.6) B 55.0 (12.2) A 
Oakwood 97 
OW97-34 13.8 (2.1) A 30.2 (3.2) A 68.6 (1.4) A 2 2 
OW97-36 3.5 (0.1) B 8.8 (0.4) C 20.3 (1.1) C 36.1 (2.0) A 
OW97-37 2.2 (0.6) B 6.0 (1.1) C 12.9 (1.6) D 37.9 (8.3) A 
Appendix J. FL97-99 AR. Mean number of days required to attain a germination% level within (10, 25, 
50, 75%); comparison within population and germination level; between years. 1 Means with the same 
letter are not significantly different at the 0.05% level. 2 populaUon not buried in 1997. 3 Did not 
germinate to the 75% level but were viable. 
AR Time (days) 
Population 10% 26% 60% 75% 
Alias 1997 1998 1999 1997 1998 1999 1997 1998 1999 1997 1998 1999 
C - 35/36 10.2 81 12.6 B 24.5 A 16.8 C 22.8 B 32.3 A 30.2 B 37.2 A 42 A 55 A 46.5 A 3 
C - 40/42 2 3.6 A 2.4 A 2 9.6 A 10.8 A 2 18.1 A 21.7 A 2 27.8 A 32.8 A 
H- 32 2 19.5 B 27.1 A 2 27.6 B 37.2 A 2 37 A 39 A 2 44.4 3 
H- 36 2 9.7 A 8.5 A 2 17 A 13.8 A 2 24.5 A 22.7 A 2 32.1 A 29.6 A ..... 
H - 40/41 2 5.8 A 0.6 B 2 13.4 A 1.7 B 2 2 
0 
24 A 7.08 B 33.3 A 15.3 B 0 
J - 35/36 2 12.5 B 25.5 A 2 19.7 B 33.8 A 2 31.9 B 40.8 A 2 42.0 3 
J - 40/42 2 16.7 A 4.8 B 2 21 .2 A 9.7 B 2 28.7 A 25.2 A 2 37.7 A 29.6 B 
WO-32 2 27.4 A 32.3 A 2 38.3 A 39.6 A 2 56.9 A 45 A 2 73.0 3 
WO-36 2 15.7 A 16.7 A 2 22.7 B 27.9 A 2 34.4 A 38.3 A 2 51.9 A 42.5 A 
WO- 40/42 2 8.4 A 1.1 B 2 15.1 A 5.2 B 2 23.8 A 12.7 A 2 33.5 A 22.1 A 
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Appendix K. Mean number of seedlings emerging per 95 cm2 with SE vs. time in 
Julian Weeks. This page is from the 1997 burial study. 
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Appendix K. (continued) This page is from the 1998 burial study. 
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